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PROBLEM TO BE SOLVED: To obtain a switch provided 
with steep filter characteristic by including a thin-film bulk 
sound wave resonator in each element of a first ladder circuit 
provided with a shunt element and a serial element in a first 
band filter and including FBAR in each second Ladder circuit 
provided with a shunt element and a serial element in a second 
band filter. SOLUTION; The antenna port 128 of a 
transmission/reception switching device 100 is connected with 
an antenna, a transmission port 124 is connected to the output 
of a transmitter, and a reception port 126 is connected to the 
input of a receiver, The frequency range of a transmission 
signal respectively generated by a transmitter and the 
frequency range of a reception signal capable of making the 
receiver synchronize are centered in the passing bands of and 
filters 130 and 132. As for the filters 130 and 132, the high 
frequency blocking band of the filter 130 including a 
transmission FBAR array 1 02 are overlapped with the passing 
band of the filter 132. 
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[OOOl] The invention relates to electronic components and, in particular, to electronic components for use in 
frequency circuits. 



Background of the Invention 



[0002] In many different communications applications, a common signal path is coupled both to the input of a receiver a 
the output of a transmitter. For example, in a transceiver, such as a cellular or cordless telephone, an antenna may be cou 
the input of the receiver and to the output of the transmitter. In such an arrangement, a duplexer is used to couple the cor 
signal path to the input of the receiver and to the output of the transmitter. The duplexer provides the necessary coupling 
preventing the modulated transmit signal generated by the transmitter from being coupled from the antenna back to the L 
the receiver and overloading the receiver. 

[0003] One long-established form of duplexer is the half duplexer. Half duplexers are described by C.K. Campbell in 
SURFACE ACOUSTIC WAVE DEVICES FOR MOBILE AND WIRELESS COMMUTATION., pp. 253-272, Aca< 
Press, New York, (1998). A half duplexer uses a switch to connect the antenna to the receiver or the transmitter on a tim 
division basis. The half duplexer has good coupling and attenuation properties, but is nevertheless an unacceptable sotut: 
telephony applications because it does not allow both parties to speak (and be heard) simultaneously. 

[0004] A more acceptable form of duplexer for telephony applications is the full duplexer, also described by Campbell. ' 
enable a fall duplexer to be used, the transmit signal must be at a different frequency from the receive signal. The foil du 
lacks a switch and incorporates band-pass filters that isolate the transmit signal from the receive signal according to the 
frequencies of the signals. Figure 1 shows a conventional front-end circuit 1 0 such as that used in a cellular telephone, pi 
communication system (PCS) device or other transmit/receive apparatus. In this, the output of the power amplifier 12 of 
transmitter 14 and the input of the low-noise amplifier 16 of the receiver 18 are connected to the duplexer 20, which is a 
duplexer. Also connected to the duplexer is the antenna 22. 

[O0O5] The duplexer 20 is a three-port device having a transmit port 24, a receive port 26 and an antenna port 28, The an 
port is connected to the transmit port through the band-pass filter 30 and to the receive port through the series arrangem* 
the 90 DEG phase shifter 34 and band-pass filter 32. The pass bands of the band-pass filters 30 and 32 are respectively c 
on the frequency range of the transmit signal generated by the transmitter 14 and that of the receive signals to which the 
18 can be tuned. In the example shown, band-pass filters are configured such that the high-frequency stop band of the ba 
filter 30 overlaps the pass-band of the band-pass filter 32 and the low-frequency stop band of the band-pass filter 32 ove 
pas^band of the band-pass filter 30. 

[0006] The requirements for the band-pass filters 30 and 32 constituting the duplexer 20 are quite stringent. The band-pa 
filters isolate the very weak receive signal generated by the antenna 22 and fed to the input of the low-noise amplifier 16 
the strong transmit signal generated by the power amplifier 12. In a typical embodiment, the sensitivity of the low noise 
amplifier 16 is of the order of -100 dBm, and the power amplifier 12 can feed power levels of about 28 dBm into the dur 
In such an example, the duplexer must attenuate the transmit signal by about 50 dB between the antenna port 28 and the 
port 26 to prevent the residual transmit signal mixed with the receive signal at the receive port from overloading the low. 
amplifier. 

[0007] One type of mobile telephone that is becoming increasingly popular is the personal communication system (PCS' 
uses Code Division Multiple Access (CDMA). CDMA PCS is described in T. S. Rapport, ed., CELLULAR RADIO & ' 
PERSONAL COMMUNICATIONS, VOL.2, pp.501-509, IEEE Press, Piscataway, NJ, (1996). CDMA PCS devices or* 
frequency bands at about 1,900 MHz and impose especially stringent requirements on the duplexer performance. The gu 
band between the portions of the spectrum assigned to the transmit signal and the receive signal is only about 1% of the ■ 
frequency, i.e., 20 MHz. The bandwidth of the portions of the spectrum assigned to the transmit signal and the receive si 
about 3% of the carrier frequency, i.e,, 60 MHz, This means that the band-pass filters 30 and 32 are required to have an 
extremely sharp roll-off. Figure 2 shows the basic arrangement of the transmit and receive bands. The required character 
the band-pass filters 30 and 32 are shown at 36 and 38, respectively. 

[0008] Cellular telephones and PCS devices are constantly being made smaller and lower in cost Several stacked printer 
boards are typically used to accommodate the circuitry of the PCS device in the overall package size. Not only must the 
components mounted on the printed circuit boards be miniaturized, they must meet stringent height requirements. Corap 
taller than the height limit require the printed circuit boards to be spaced further apart, which reduces the packing density 
can be achieved. Alternatively, over-height components require that holes be cut in at least one adjacent printed circuit b 
accommodate them, which both reduces the packing density and increases assembly costs. 

[0009] Another challenge for the duplexer 20 is its power handling capability. The power amplifier 12 in the transmitter 
deliver up to 1 Watt of power to the transmit port 24 of the duplexer 20. Miniaturized as just described, the band-pass fil 
and 32 must be capable of transmitting such power without being destroyed, or without its characteristics degrading witi 

[OtMO] Current-generation PCS devices use a ceramic filter as the duplexer 20. However, such ceramic filters are bulky, 
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measuring some 28 x 8 x 5 mm, are over-height components and are expensive. Samples of such filters show evidence o 
been individually tuned, which accounts for some of the cost of such devices. . 

[001 1] Surface acoustic wave (SAW) filters have also been used as duplexers in cellular telephones and PCS devices, se 
example, O. Ikata, N. Nishihara, Y. Satoh, H. Fukushima and N. Hirisawa, A Design of Antenna Duplexer Using Laddei 
SAW Filters, PROC. 1998 IEEE INTERNATIONAL ULTRASONICS SYMPOSIUM, SENDAI, JAPAN, paper 0-1 (C 
1998). The roll-off of a SAW filter with sufficient power handling capability is insufficiently steep for the CDMAapplic 
just described. Instead, two SAW filters and an electronic switch have to be used One of the filters covers the upper hall 
transmit and receive bands, the other covers the lower half of the transmit and receive bands. The electronic switch selec 
appropriate filter depending on the portions of the transmit and receive bands in which the PCS device is operating. Hiu; 
duplexer based on SAW filters is also unacceptable bulky, complex, expensive and may be subject to failure in the even! 
surge in the transmitter output power. 

[0012] What is needed, then, is a duplexer that has sufficiently steep filter characteristics to enable it to be used in spplic 
such as CDMA PCS devices, in which the separation between the transmit and receive bands is only about 1% of the op- 
frequency and in which power levels exceeding one Watt do not impair the reliability of the duplexer or the long-term st 
of the filter characteristics. The duplexer should be substantially smaller than current duplexers based on ceramic filters . 
filters, and should not require individual tuning so that the cost of manufacture can be kept low. 



Summary of the Invention 



[0013] The invention provides a band-pass filter comprising shunt elements and series elements in which the series clem 
the shunt elements are connected to form a ladder circuit, and each of the elements includes an FBAR. 

[0014] The FBARs may collectively have two different resonant frequencies. 

[0015] Hie FBARs may collectively have more than two different resonant frequencies. 

[0016] The FBARs may all have different resonant frequencies. 

[0017] The FBARs comprised in the series elements may all have the same resonant frequency, and the FBARs compris 
shunt elements may also all have the same resonant frequency, different from the resonant frequency of the FBARs com 
in the series elements. 

[0018] At least one of the elements may additionally comprise an auxiliary inductor in series with the FBAR comprised 

[0019] The invention also provides an FBAR-based duplexer that comprises a first port, a second port, a third port, a firs 
pass filter according to the invention connected between the first port and the third port and a series circuit connected be* 
the second port and the third port The series circuit includes a 90 UEG phase shifter in series with a second band-pass fi 
according to the invention. 

[0020] At least one of the elements of the band-pass filters may additionally comprise an auxiliary inductor in series wit! 
FBAR comprised therein. 

[0021] The FBAR with the auxiliary inductor in series includes a shunt capacitance, and the auxiliary inductor has an in< 
that has a series resonance with the shunt capacitance at a frequency corresponding to the upper band limit of the first ba 
filter, the lower band limit of the first band-pass filter, the upper band limit of the second band-pass filter, or the lower b 
limit of the second band-pass filter. 

[0022] Finally, the invention provides an integrated array of film bulk acoustic resonators (FBARs) in which at least one 
FBARs differs in resonant frequency from others of the FBARs. Hie integrated array comprises a piezoelectric layer inc 
first major surface opposite a second major surface. The integrated array additionally comprises first electrodes located < 
first major surface of the piezoelectric layer, and second electrodes located on the second major surface of the piezoelect 
layer. One of the FBARs is defined at each of the locations where one of the second electrodes overlaps one of the first 
electrodes. The electrodes that define the one of the FBARS that differs in resonant frequency from the others of the TBj 
differ in weighted thickness from others of the electrodes defining the others of the FBARS. 



Brief Description of the Drawings 



Figure 1 is a block diagram showing the front-end circuit 10 of a conventional cellular telephone, personal commimicatit 
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system (PCS) device or other transmit/receive apparatus. 

Figure 2 is a graph showing the basic arrangement of the transmit and receive bands of a CDMA PCS device and the req 

characteristics of the transmit and receive band-pass filters constituting the duplexer thereof. 

Figure 3 A is a cross-sectional view of a thin-film bulk acoustic resonator (FBAR), 

Figure 3B is a schematic drawing showing the equivalent circuit of the FBAR shown in Figure 3A. 

Figure 3C is a graph showing the modulus of the impedance of the FBAR shown in Figure 3A against frequency. 

Figure 4 is a schematic block diagram of a first embodiment of a duplexer according to the invention. 

Figures 5A and 5B are a plan view and a cross-sectional view illustrating an FBAR array that can be used as part of the < 

and band-pass filter according to the invention. 

Figure 6 is a schematic block diagram of a second embodiment of a duplexer according to the invention. 
Figure 7 is a schematic block diagram of a third embodiment of a duplexer according to the invention. 



Detailed Description of the Invention 



[0024] In recent years, thin-film bulk acoustic resonators (FBARs) have been described in the patent literature. For exanr 
FBARs are described in United States patent no. 5,587,(520, assigned to the assignee of this disclosure and incorporated ) 
by reference. An example of an FBAR 50 is shown in Figure 3 A. 

[0025] The FBAR 50 is composed of the piezoelectric layer 52 suspended at its periphery over the well 54 defined by th 
substrate 56. The electrodes 58 and 60 are located on opposite surfaces of the potion of the piezoelectric layer that overh 
well Electrical connections are made to the electrodes 58 and 60 via the terminals 66 and 68, respectively. The piezoele* 
layer 52 and the electrodes 58 and 60 form the piezoelectric resonator stack 62. The piezoelectric resonator stack expand 
contacts in the direction indicated by the arrow 64 in response to the magnitude and direction of a voltage applied betwe" 
electrodes, 

[0026] When the piezoelectric resonator stack 62 composed of the piezoelectric layer 52 and the electrodes 58 and 60 is 
suspended at its periphery and has both of its major surfaces in contact with air, other ambient gas or vacuum, the pieaoe 
resonator stack forms a high-Q acoustic resonator. An ax. signal applied via the terminals 66 and 68 to the electrodes 58 
will cause the piezoelectric resonator stack to resonate when the signal has a frequency equal to the velocity of sound in 
piezoelectric resonator stack divided by twice the weighted thickness of the stack, i.e., fr = c/2t0, where fir is the resonani 
frequency, c is the velocity of sound in the stack and tO is the weighted thickness of the stack. The resonant frequency of 
piezoelectric resonator stack depends on the weighted thickness of the stack rather than the physical thickness because tl 
different velocity of sound in the materials constituting the stack, 

[0027] In a practical example of the FBAR 50 with a resonance at about 1,900 MHz, the substrate 56 is a wafer of single 
silicon, the piezoelectric layer 52 is a layer of aluminum nitride (A1N) about 2 mu m thick and the electrodes 58 and 60 i 
layers of molybdenum about 0.1 mu m thick. Molybdenum is the preferred material for the electrodes because, in this th 
embodiment, the electrodes constitute a significant portion of the mass of the piezoelectric resonator stack 62. Thus, the 
properties of the material of the electrodes have a significant effect on the Q of the piezoelectric resonator staclc Molybc 
has superior acoustic properties to those of common electrode materials such as gold and aluminum, so molybdenum ele 
enable the FBAR 50 to have a higher Q than electrodes of other materials. Further details of the structure and fabrication 
FBARs are disclosed in the above-mentioned patent and in United States patent application serial no. 09/088,964, assign 
the assignee of this disclosure and incorporated herein by reference. 

[0028] Figure 3B shows an equivalent circuit for the FBAR 50. The main reactive component is the shunt capacitance C 
which is the capacitance of the capacitor formed by the electrodes 58 and 60 and the piezoelectric layer 52. The piezoele 
layer is the dielectric of the shunt capacitor CP. The resistor RP represents the series resistance of the shunt capacitance ■ 
inductance LM and the capacitance CM represent the inductance and capacitance of the piezoelectric resonator stack 62. 
resistor RM represents the loss in the piezoelectric resonator stack. The resistor RS represents the series electrical resists 
the connections between the terminals 66 and 68 and the piezoelectric resonator stack 62. 

[0029] Figure 3C is a graph showing the modulus of the impedance |Z| measured between the terminals 66 and 68 plotte- 
against frequency. As the frequency increases, the impedance gradually falls due to the falling impedance of the shunt 
capacitance CP. The impedance eventually reaches a minimum at the frequency of the series resonance between the mec 
inductance LM and the mechanical capacitance CM. The impedance then sharply increases and reaches a maximum at tl 
frequency of the parallel resonance between the mechanical inductance LM and the series combination of the mechanics 
capacitance CM and die shunt capacitance CP. Since shunt capacitance is about 20 times the mechanical capacitance, th< 
frequency difference between the series and parallel resonances is small. The impedance falls steeply as the frequency in 
above the frequency of the parallel resonance. References in this disclosure to the resonant frequency of an FBAR shouli 
taken to be references to the frequency of the parallel resonance of the FBAR unless otherwise stated. 

[003*0] Figure 4 is a schematic block diagram of a first working embodiment 100 of a duplexer according to the hwentio: 
incorporates the transmit FBAR array 102 and the receive FBAR array 104. The duplexer 100 is a three-port device suit? 
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use in a CDMA PCS device and including a transmit port 124, a receive port 126 and an antenna port 128. The duplexer 
composed of the 90 DEG phase shifter 134, the transmit band-pass filter 130 that includes the transmit FBAR amy 102 
receive band-pass filter 132 that includes the receive FBAR array 104. The transmit port is connected to the antenna pon 
through the transmit band-pass filter 130. The antenna port is connected to the receive port through the series arrangeme 
90 DEG phase shifter 1 34 and receive band-pass filter 132. 

[003 1] When used in a PCS device, cellular telephone or other transmit/receive apparatus, the antenna pon 128 of the du 
100 is connected to an antenna (not shown), transmit port 124 is connected to the output of a transmitter (not shown) anc 
receive port 126 is connected to the input of a receiver (not shown) in a circuit arrangement similar to that shown in Figi 
The pass bands of the band-pass filters 130 and 132 are respectively centered on the frequency range of the transmit sigr 
generated by the transmitter and that of the receive signal to which the receiver can be tuned. In the example shown, the 
and receive band-pass filters 130 and 132 are configured such that the high-frequency stop band of the transmit band-paj 
130 that includes the transmit FBAR array 102 overlaps the pass-band of the receive band-pass filter 132 that includes ft 
receive FBAR array 104 and the low-frequency stop band of the receive band-pass filter overlaps the pass-band of the tn 
band-pass filter. 

[0032] The structure of the transmit band-pass filter 130 will now be described. The transmit band-pass filter is compose 
transmit FBAR array 102. The transmit FBAR array is composed of the series FBARs 101, 103 and 105 and the shunt F; 
107 and 109 connected to form a ladder circuit Hie series FBARs are connected in series between the transmit port 124 
antenna port 128, the shunt FBAR 107 is connected between ground and the node between the series FBARs 101 and 10 
the shunt FBAR 109 is connected between ground and the node between the series FBARs 103 and 105. Thus, in the ex* 
shown, the FBARs 101, 103, 105, 107 and 109 form a 21/2 -stage ladder circuit. However, the number of stages in the h 
circuit is not critical to the invention. The number of full stages, each composed of one series FBAR and one shunt FBA 
the number of half stages, each composed of one series FBAR or one shunt FBAR, in the FBAR array 102 depends on tl 
desired filter characteristics of the transmit band-pass filter 130 and the characteristics of the individual FBARs coastitut 
transmit FBAR array 1 02. For example, in one preferred embodiment, the transmit band-pass filter is a two-staee filter 11 
the FBAR 105. 6 

[0033] The structure of the receive band-pass filter 132 will now be described The receive band-pass filter is composed 
receive FBAR array 104. The receive FBAR array is composed of the series FBARs 11 ), 1 13 and 1 15 and the shunt FBi 
121, 123, 125 and 127 connected to form a ladder circuit The series FBARs are connected in series between the end oft 
DEG phase shifter 134 remote from the antenna port 128 and the receive port 126, The shunt FBAR 121 is connected be 
ground and the node between the series FBAR 1 1 1 and the end of the 90 DEG phase shifter 134 remote from the aatenni 
128. The shunt FBAR 123 is connected between ground and the node between the series FBARs 1 1 1 and 1 13, the shunt 
125 is connected between ground and the node between the series FBARs 1 13 and 115 and the shunt FBAR 127 isconm 
between ground and the node between the series FBAR 1 1 5 and the receive port 126. Thus, in the example shown, the F 
1 1 1, 1 13, 1 15, 121, 123, 125 and 127 form a 3 1/2 -stage ladder circuit. However, the number of stages in the ladder circi 
critical to the invention. The number of full stages and the number of half stages required depends on the desired filter 
characteristics of the receive band-pass filter 132 and the characteristics of the individual FBARs constituting the receive 
array 104. 

[0034] Circuits suitable for use as the 90 DEG phase shifter 134 are known in the art For example, the 90 DEG phase st 
may be composed of lumped inductors and capacitors or a lambda /4 transmission line. 

[0035] To design the FBAR arrays 1 02 and 104 to provide the desired filter characteristics of the transmit and receive bt 
filters 130 and 132, respectively, the inventors used a commercial microwave design simulator called Microwave Desigr 
System (MDS), release 7.0 (1996), sold by HP EEsof Corp., Westlake Village, CA. Tne individual FBARs of each FBA 
were modeled using the modified Buttenvorth-Van Dyke circuit shown in Figure 3B. The design simulator was used to < 
the area and to calculate the required resonant frequencies of the FBARs in each of the FBAR arrays 102 and 104. The ii 
used a physical simulator to model the piezoelectric resonator stack (shown at 62 in Figure 3A) of each FBAR, to charac 
the physical properties of the layers constituting the piezoelectric resonator stack and to calculate the thickness of the lay 
the piezoelectric resonator stack constituting each FBAR to achieve the required resonant frequencies. TTie simulator wa 
written in Mathcad 8, sold by MathSoft, Inc., Cambridge, MA, and was based on the model described by W.P. Mason in 
PHYSICAL ACOUSTICS PRINCIPLES AND METHODS, Vol. 1 A, pp. 239-247, Academic Press, New York (1964). 

[0036] To provide the desired filter characteristics of tie transmit band-pass filter 130 in the duplexer 100 of a CDMA P 
device, the series FBARs 101-105 constituting the transmit FBAR array 102 can all have the same resonant frequency ai 
shunt FBARs 1 07 and 1 09 can both have the same resonant frequency. However, the resonant frequency of the scries FE 
about 3% higher than that of the shunt FBARs. 

[0037] Some applications may require that the filter characteristics of the transmit band-pass filter 1 30 be different from 
provided by an embodiment of the transmit FBAR array 102 in which the series FBARs all have the same resonant freqi 
and the shunt FBARs all have the same resonant frequency, different from that of the series FBARs, In this case, the trar 
FBAR array can be constructed from FBARs collectively having more than two different resonant frequencies. 

[0038] The FBAR array 104 used in the receive band-pass filter 132 may also be composed of series FBARs all having l 
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resonant frequency and shunt FBARs all having the same resonant frequency, different from that of the series FBARs. H 
in the duplexer 100 of a CDMA PCS device, the receive band-pass filter 132 is required to attenuate the transmit signal t 
antenna port 128 to such a low level that the residual transmit signal mixed with the receive signal at the receive port 12< 
not overload the highly-sensitive low-noise amplifier of the receiver connected to the receive port. Consequently, the tra: 
signal rejection requirements of the receive band-pass filter 132 are considerably more stringent than the receive signal t 
requirements of the transmit band-pass filter 130. Using present-day FBAR fabrication technology, it is difficult to meet 
rejection requirement with an embodiment of the receive FBAR array 1 04 in which series FBARs all have the same reso 
frequency and the shunt FBARs all have the same resonant frequency, different from that of the series FBARs. 

[0039] To provide the desired filter characteristics of the receive band-pass filter 132 of a CDMA PCS device, in therec 
FBAR array 104, not all the shunt FBARs can have the same resonant frequency, although all the series FBARs may hai 
same resonant frequency. In other words, the FBARs constituting the receive FBAR array should collectively have more 
two different resonant frequencies. In some cases, the FBARs constituting the receive FBAR array may all have differen 
resonant frequencies. 

[0040] In the example shown, the resonant frequencies of the series FBARs 111, 113 and 115 of the receive FBAR arra> 
about 80 MHz higher than the resonant frequency of the series FBARs 101, 103 and 105 of the transmit FBAR array 10; 
interleave the characteristics of the transmit and receive band-pass filters 130 and 132 as described above. 

[0041] Recently, integrated FBAR arrays comprising a number of interconnected FBARs fabricated on a common piezo- 
layer have been demonstrated. Using such integrated FBAR arrays as the transmit FBAR array 102 and the receive FBA 
104 enables very small embodiments of the duplexer 100 to be fabricated Figures 5 A and 5B illustrate the exemplary FI 
array 70 composed of the six FBARs 72, 73, 74, 75, 76 and 77 interconnected to form a ladder circuit such as is required 
FBAR arrays 102 and 104, As in the single FBAR 50 shown in Figure 3A, the piezoelectric layer 78 is suspended at its 
periphery over the well 80 defined in the silicon substrate 82. Electrodes 83, 84, 85, 86 and 87 are located on portions of 
surface of the piezoelectric layer remote from the substrate. Electrodes 88 and 89, indicated by broken lines in Figure 5/ 
located on portions of the surface of the piezoelectric layer facing the substrate. An FBAR exists where the electrodes or 
opposite surfaces of the piezoelectric layer overlap. For example, the FBAR 72 is defined where the electrodes 83 and 8: 
overlap. 

[0042] As a preferred alternative to a single well 80 formed in the substrate 82, multiple wells, one for each of the FBA5 
77, are formed in the substrate so that each of the FBARs is suspended over an individual well Providing an individual \ 
each of the FBARs increases the Q and reliability of the FBARs. 

[0043] Hie outline of each of the FBARs 72-77 is indicated by a dash-dot line. The outline shapes of the FBARs shown 
drawing arc highly stylized to simplify the drawing. Practical FBARs, such as those described in United States patent 
application serial no. 09/282,082, assigned to the assignee of this disclosure and incorporated herein by reference, have i 
shapes with non-parallel sides of unequal lengths. Irregular shapes and non-parallel sides of unequal lengths reduces the 
incidence of spurious transverse resonances that would otherwise degrade the frequency response of the FBARs. Moreo* 
FBARs constituting the FBAR array 70 are typically of different areas. 

[0044] An integrated FBAR array fabricated on a silicon substrate about 0.8 mm square and 0.14 mm thick can be used 1 
provide each the FBAR arrays 102 and 1 04 of the duplexer 100. 

[0045] The characteristics of the individual FBARS constituting the FBAR arrays 102 and 104 depend on the thickness \ 
piezoelectric layer and the area and thicknesses of the electrodes of the FBAR. For example, in the integrated FBAR am 
the characteristics of the FBAR 72 depend on the thickness of the piezoelectric layer 78, the area of overlap between the 
electrodes 83 and 88, and of the thickness of the electrodes 83 and 88. 

[0046] Since the FBARs constituting the FBAR array 70 share the common piezoelectric layer 78, the resonant frequenc 
each of the FBARs in the array is set by defining the thickness of at least one of the electrodes of the FBAR. 

[0047] In an embodiment of the integrated FBAR array 70 for use as an embodiment of the FBAR arrays 102 and 104 in 
all of the series FBARs have the same resonant frequency and all of the shunt FBARs have the same resonant frequency, 
different from that of the series FBARs, the resonant frequency of the shunt FBARs is reduced relative to that of the seri 
FBARs by fabricating the shunt FBARs with at least one electrode that is thicker than the corresponding electrode of the 
FBARs. The process required to fabricate an integrated FBAR array in which the series FBARs all have the same resona 
frequency and the shunt FBARs all have the same resonant frequency, different from that of the series FBARs, is only si 
more complex than that required to fabricate an integrated FBAR array in which all the FBARs have the same resonant 
frequency. 

[0048] In an embodiment of the integrated FBAR array 70 for use in embodiments of the FBAR arrays 1 02 and 1 04 in vi 
FBARs collectively have more than two resonant frequencies, such as an embodiment of the receive FBAR array 104 fo 
the duplexer of a CDMA PCS device, the electrodes of the FBARs have different thicknesses corresponding in number t 
number of different resonant frequencies. Fabricating embodiments of the integrated FBAR array for use as the receive I 
array 1 04 in the duplexer of a CDMA PCS device, in which the electrodes collectively have more than two different thic 
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and may have thicknesses corresponding in number to the number of FBARs in the array, is a complex task using presen 
integrated FBAR array fabrication techniques. However, fabricating the receive FBAR array in this manner minimizes tl 
of the duplexer 100, since the duplexer 100 is composed of only of the two FBAR arrays 102 and 104 and the 90 DEG p 
shifter 134. Figure 6 is a schematic block diagram of a second embodiment 200 of a duplexer according to the invention. 
Compared with the embodiment shown in Figure 4, this embodiment is somewhat larger, but its receive FBAR amy 20< 
easier and lower in cost to manufacture using present-day integrated FBAR array fabrication techniques. The duplexer 2 
filter characteristics that makes it suitable for use as the duplexer of a CDMA PCS device, yet both the transmit FBAR a 
and the receive FBAR array 204 are each composed of series FBARs all having the same resonant frequency and shunt I 
all having the same resonant frequency, different from that of the series FBARs, This enables an integrated FBARairay 
which the FBARs collectively have only two resonant frequencies to be used as each of the FBAR arrays 202 and 204. S 
integrated FBAR arrays can be fabricated by a process that is little more complex than that for fabricating FBAR arrays 
the FBARs all have the same resonant frequency. Elements of the duplexer 200 shown in Figure 6 that correspond to ele 
of the duplexer shown in Figure 4 are indicated using the same reference numerals and will not be described again here. 

[0049] Hie duplexer 200 is a three-port device having a transmit port 124, a receive port 126 and an antenna port 128 an 
composed of the 90 DEG phase shifter 134, the transmit band-pass filter 230 that includes the transmit FBAR array 202 
receive band-pass filter 232 that includes the receive FBAR array 204, The transmit port is connected to the antenna pon 
through the transmit band-pass filter. The antenna port is connected to the receive port through the scries arrangement oi 
DEG phase shifter and the receive band-pass Alter, 

[0050) When used in a PCS device, cellular telephone or other transmit/receive apparatus, the antenna port 128 of the du 
200 is connected to an antenna (not shown), the transmit port 124 is connected to the output of a transmitter (not shown) 
receive port 126 is connected to the input of a receiver (not shown) in a circuit arrangement similar to that shown ia Figi 
The pass bands of the band-pass filters 230 and 232 are respectively centered on the frequency range of the transmit sigr 
generated by the transmitter and that of the receive signal to which the receiver can be tuned In the example shown, ban 
filters 230 and 232 are configured such that the high-frequency stop band of the transmit band-pass filter 230 overlaps th 
band of the receive band-pass filter 232 and the low-frequency stop band of the receive band-pass filter overlaps the pas; 
of the transmit band-pass filter. 

[0051] The receive band-pass filter 232 will now be described. The receive band-pass filter is composed of the receive F 
array 204, the series auxiliary inductors 24 1 and 243 and the shunt auxiliary inductors 23 1 , 233, 235 and 237. The recei\ 
FBAR array is composed of the series FBARs 211, 213 and 215 and the shunt FBARs 22 1, 223, 225 and 227 connected 
a ladder circuit The series auxiliary inductor 241, the scries FBARs 21 1, 213 and 215 and the series auxiliary inductor 2 
connected in series between end of the 90 DEG phase shifter 134 remote from the antenna port 128 and the receive port 
The shunt FBAR 221 and the shunt auxiliary inductor 23 1 are connected in series between ground and the node between 
series auxiliary inductor 24 1 and the series FBAR 2 1 1 , The shunt FBAR 223 and the shunt auxiliary inductor 233 are co 
in series between ground and the node between the series FBARs 21 1 and 213. The shunt FBAR 225 and the shunt auxil 
inductor 235 are connected in series between ground and the node between the series FBARs 213 and 215. The shunt Fl 
and the shunt auxiliary inductor 237 are connected in series between ground and the node between the series FBAR 215 
series auxiliary inductor 243. Thus, in the example shown, the FBARs and the auxiliary inductors are connected to provi 
31/2 -stage ladder circuit However, the number of stages in the ladder circuit is not critical to the invention. The numba 
stages and the number of half stages required depends on the desired filter characteristics of the receive band-pass filter : 
characteristics of the individual FBARs constituting the receive FBAR array 204 and the characteristics of the auxiliary 
inductors. 

[0052] In the FBAR array 204, the series FBARs 21 1, 213 and 215 all have the same resonant frequency and the shunt F 
221, 223, 225 and 227 all have the same resonant frequency. In the example shown, the resonant frequency of the series 
is about 3% higher than that of the shunt FBARs. When an integrated FBAR array similar to the integrated FBAR array 
shown in Figures 5A and 5B is used as the FBAR array 204, the difference in the resonant frequencies is obtained by an 
additional process step that deposits additional metal only on the electrodes of the shunt FBARs to increase their mass. 

[0053] Also in the FBAR array 204, the electrodes of the shunt FBARs 221, 223, 225 and 227 that are not connected to I 
of the series FBARs 21 1,213 and215 are connected to separate terminals instead of being connected together and thenc 
common terminal. The separate terminals enable the shunt auxiliary inductors 23 1, 233, 235 and 237 to be connected in 
with the shunt FBARs 22 1 , 223, 225 and 227, respectively. 

[0054] By examining the modified Butterworth-Van Dyke equivalent circuit of an FBAR shown in Figure 3B, it can be : 
connecting an auxiliary inductor in series with one of the terminals of the FBAR places the auxiliary inductor in series v, 
the mechanical inductance LM and the shunt capacitance CP of the FBAR. Each auxiliary inductance has two main effei 
namely, to slightly reduce the frequency of the series resonance of the FBAR, and to introduce an additional series reson 
The auxiliary inductance has a negligible effect on the frequency of the parallel resonance of the FBAR. 

[0055] Using die auxiliary inductors 231, 233, 235 and 237 to reduce the frequency of the series resonance of the FBAR 
223, 225 and 227 constituting the receive band-pass filter 232 by different amounts provides the receive band-pass filter 
• ideal frequency characteristics notwithstanding the constraint that all die series FBARs in the FBAR array 204 have the : 
resonant frequency and all the shunt FBARs in the FBAR array have the same resonant frequency. 
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[0056] The additional series resonance is between the auxiliary inductance and the shunt capacitance CP, Each additions 
resonance introduces an additional null in the frequency response of the receive band-pass filter. The value of the auxilia 
inductance is designed to set the frequency of the additional resonance to locate the additional null in one of the followir 
frequency regions: the low-frequency end of the transmit band, the cross-over between the transmit band and the receive 
and the high-frequency end of the receive band. The additional nulls in the frequency response of the receive band-pass : 
enable practical embodiments to provide an attenuation of greater than 50 dB in parts of the transmit frequency range, T) 
amount of attenuation has not previously been achieved using band-pass filters having a size comparable with that of the 
pass filters according to the invention, 

[0057] Hie modeling tools described above are used to model the duplexer 200 and to determine the values of the auxilii 
inductors 23 1, 233, 235, 237, 24 1 and 243 that provide the receive band-pass filter 232 with its desired filter characterist 
despite the FBARs constituting the FBAR array 204 only having two different resonant frequencies. In the example sbo* 
inductance of the auxiliary inductors is in the range of 2-5 nH. This is small compared with that of the mechanical indue 
LM of the FBARs, which is about 80 nH. Consequently, using relatively poor quality inductors as the auxiliary inductor 
not significantly degrade the Q of the series resonance of the FBAR, 

[0058] In the preferred embodiment, the inductance of each of the shunt auxiliary inductors 231, 233, 235 and 237 was p 
by the series combination of the inductance of the respective bonding wire of the package of the FBAR array 204, the 
inductance of a discrete chip inductor and the inductance of the conductive traces on the printed circuit board cm which t 
FBAR arrays 202 and 204 were mounted to form the duplexer 200. TTie conductive traces were those connecting a pin oi 
package to the discrete inductor and connecting the discrete inductor to ground. Moreover, the inductance of the bonding 
of the package of the FBAR array 204 provided at least part of the series auxiliary inductances 241 and 243, 

[0059] As noted above, in the example shown, the resonant frequency of the series FBARs 211, 213 and 215 of therecei 
FBAR array 204 is about 80 MHz higher than that of the series FBARs 101, 103 and 105 of the transmit FBAR array 10 
interleave the characteristics of the transmit and receive band-pass filters 1 30 and 232 as described above. 

[0060] Not all applications will require that the receive band-pass filter 232 include all of the auxiliary inductors 231, 23 
237, 241 and 243, In such applications, acceptable filter characteristics may be provided by a configuration in which at 1» 
of the shut FBARs is connected directly to ground, as in the embodiment shown in Figure 4. 

[0061] The transmit band-pass filter 230 will now be described* If FBARs are available with a Q high enough to meet th 
desired filter characteristics of the transmit band-pass filter, a band-pass filter identical to the transmit band-pass filter I: 
shown in Figure 4 may be used as the transmit band-pass filter 230. If FBARs with a high-enough Q are not available, 0) 
greater safety margin on the filter characteristics of the transmit baud-pass filter is required, a configuration that includes 
auxiliary inductors, such as that shown in Figure 6, may be used as the transmit band-pass filter. The transmit band-pass 
230 is composed of the transmit FBAR array 202 and the^shunt auxiliary inductors 241 and 243. The transmit FBAR arr. 
composed of the series FBARs 201, 203 and 205 and the shunt FBARs 207 and 209 connected to form a ladder circuit 1 
series FBARs 201, 203 and 205 are connected in series between the transmit port 124 and the antenna port 128, The shui 
FBAR 207 and the shunt auxiliary inductor 241 are connected in series between ground and the node between the scries 
201 and 203. Hie shunt FBAR 209 and the shunt auxiliary inductor 243 are connected in series between ground and the 
between the series FBARs 203 and 205, Thus, in the example shown, the FBARs and the auxiliary inductors are conneel 
provide a 21/2 -stage ladder circuit 

[0062] The number of stages m the ladder circuit of the transmit band-pass filter 230 is not critical to the invention. The 
of full stages and the number of half stages required depends on the desired filter characteristics of the transmit band-pas 
the characteristics of the individual FBARs constituting the receive FBAR array 202 and the characteristics of the auxilii 
inductors. In one preferred embodiment, the transmit filter is composed of a two-stage ladder circuit that lacks the scries 
205, 

[0063] The effects of the auxiliary inductors on the filter characteristics of the transmit band-pass filter 230 correspond t 
above-described efTects of the auxiliary inductors on the filter characteristics of the transmit array and will therefore not 
described in detail. 

[0064] As an alternative to connecting an auxiliary inductor in series with each of the shunt FBARs 207 and 209 of the t 
band-pass filter 230, a single auxiliary inductance may be in series with the common ground path 245 of the shunt FBAI 
and 109. Connecting a single auxiliary inductance as just described increases the above-band rejection and degrades the 
band rejection of the transmit band-pass filter. Auxiliary inductors connected in series with both shunt FBARs, as shown 
Figure 6, increase both the above-band and below-band rejections. 

[0065] In a prototype embodiment of the duplexer 200 shown in Figure 6, the insertion loss between the transmit port 12 
the antenna port 128 was less than 3 dB over most of the transmit band. The isolation from the transmit port 124 to the n 
port )26 was greater than 50 dB across most of the transmit band and was greater than 46 dB across the receive band, 

[0066] The band-pass filters 230 and 232 constituting the duplexer 200 consistently have a power handling capability of 
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C.W. across the transmit band. 



[0067] The measured characteristics of the prototype FBAR-based duplexer according to the invention meet or exceed n 
4e specjficanons of the CDMA PCS 1,900 MHz ceramic resonator duplexer described by T. oSR 

SSSv?" ' ( ^ MG 96 ; 103 1' pp - 55 " 60 ' (1996) - ™ e tensions of me prototype FBAR-based d 

were about 8 mm x 5 mm x 2 mm, so that the volume of the prototype FBAR-based duplexer was abort l/SXatrfthe 

E2 HUSK'S ST* *? he 1 ht ? f *" ^AR-based duplexer wTabout Stird o 

the ; ceramic duplexer so Oat Ae FBAR-based duplexer duplexer is no longer the tallest component on the printed circuit 

phones ^ m fonn " faCtor a PP licatiOTS such as the handsets of PCS devices, cellular telephoncTor cSs: 

SS^M^^f^^ ?f SDm u ShA * *•* proto, yP e ^AR-based duplexer according to th« 
SH^SSfSSW^Si *f ?? Wer handUne «P*aw« 3011 Q needed to meet the roll-of 

requirements of the CDMA PCS 20 MHz guard band. Consequently, as noted above, more than one SAW filter has to b. 
obtain the required characteristics. This imposes a commensurate increase in the volume of the duplexer. 

[0069] m an FB AR-based duplexer according to the invention, the area of the FBARs constituting me respective FBAR 

SSSSSSSST^r^ 6 J* 16 *"' The of*, duplfxer has?o be matched 

charactensuc impedance of the antenna The characteristic impedance of the antenna is typically 50 OMEGA . Designin 

mSSSS .1 n 8 of 50 OMEGA results in the shun? FBAR 227 adjacent the iS 

2 S- " V™*™ * e ^unt FBARs 223 and 225, and the shunt FBAR 221 adjacent the 90 DE( 

cSSH^" 18 , 5 , 111 ^" 1 T ^ m * e FBARs 223 225. The smaller si« of the shunt FBAR 227 causes it t< 

~ g mARs ' ^ smaUer Q of Ae FBAR 227 de ^ des *• fito « 

I Sh ° W K 8 *f d .« nb . od ™ ent 300 j> f a du P lfi » r ^cording to the invention. In this embodiment, the rcceive 
pass filter 332 has a characteristic impedance of 50 OMEGA , yet the shunt FBAR 337 of the receive FBAR array 304 if 
S? • v° f ^tP* ^ c ofParable in size and in Q with the shunt FBARs 233 and 235. Elements of the duplexe 
shown m Figure 7 mat comspond to elements of the duplexes shown in Figures 5 and 6 are indicated using the same re 
numerals and will not be described again here, 

[0071] In me duplexer 300, the shunt impedance is kept about the same as that of the FBAR 227 and the Q is improved I 
foe series arrangement of the two FBARs 351 and 353 that have approximately twice the area of the single FBAR. Thus 
FBARs 351 and 353 have twice the area of FBARs 223 and 225, and have higher Q s . As a result, an St£' 
duplexer 300 having a 50 OMEGA characteristic impedance has filter characteristics that are better than mose of £ emt 
of the duplexer 200 having a 50 OMEGA characteristic impedance. The series arrangement of the FBARs 35 and353 
tolerates four times more power than the single FBAR 227. 

[0072] A further improvement in the filter characteristics of the duplexer 300 is preferably obtained by using the series 
arrangement of the two FBARs 355 and 357 as the FBAR 321 instead of a single, small-area FBAR. 

[0073] Although the series-connected FBARs 35 1 and 353 and 355 and 357 are described above as being equal in area. I 
not critical to the invention. The FBARs 351 and 353 can be different in area, provided that the serieWnnected FBARs 
the required impedance. However, the highest Q is obtained when the FBARs are equal in area. Moreover, the Q can be 
increased by using three senes-connected FBARs, each having an area approximately three times that of the single FBA 
replaced by the three series-connected FBARs. ^B^rcn 

[0074] Although the invention has been described with respect to embodiments in which the FBAR array is embodied in 
integrated FBAR array m which the resonant frequencies of the individual FBARs or groups of FBARs are set by definii 
physical thickness of one or both electrodes of the FBARs, this is not critical to the invention. As noted above the reson. 
frequency of an FBAR depends on the weighted thickness of its piezoelectric resonator stock. The weighted thickness of 
piezoelectric resonator stack differs from the physical thickness of the stack because the velocity of sound differs in the , 
materials of the stack. A weighted thickness, similar in concept to the weighted thickness of the piezoelectric resonator s 
be assigned to the electrodes of an FBAR. The weighted thickness of the electrodes differe from the physical thickness o 

JSJT? ^ kt5 ^ C Z t ° f VClocity of Sound m e,ectrode material - Changing the weighted thickness of a 
both of the electrodes of the FBAR changes the weighted thickness of the piezoelectric resonator stack of the FBAR. ant 
the resonant frequency of the FBAR. The weighted thickness of the electrodes may be changed by changing the physical 
fliickness of the electrodes, as described above, by changing the electrode material to one in which the velocity of sound 
different, or by changing both the electrode thickness and the electrode material. Thus, for example, the FBARs of the in 
FBAR array 70 that constitute the shunt FBARs of the FBAR amy 202 can all have the same thickness and the electrod. 
FBARs of the integrated FBAR array 70 that constitute the shunt FBARs of the FBAR amy 202 can all have the same 
Sickness, greater than that of the series FBARs. Alternatively, a similar result is obtained by fabricating the electrodes o 
™ A » inte £ rated FBAR ^ 70 that constitute the series FBARs of the FBAR amy 202 and the electrodes of ti 
FBARs of the integrated FBAR amy 70 that constitute the shunt FBARs of the FBAR amy 202 from similar thickness* 
ditterent electrode materials. The velocity of sound in the electrode material of the electrodes of the series FBARs woulc 
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lower than that in the electrode material of the electrodes of the shunt FBARs, 

[0075] Although this disclosure describes illustrative embodiments of the invention in detail, it is to be understood that tl 
invention is not limited to the precise embodiments described, and that various modifications may be practiced within tfa 
of the invention defined by the appended claims. 



Data supplied from the esp@cetiet database - Worldwide 
Claims of corresponding document: EP1 058383 



1, A band-pass filter, comprising: 

shunt elements; and 
series elements, in which: 

the series elements and the shunt elements are connected to form a ladder circuit, and 

each of the elements includes a film bulk acoustic resonator (FBAR) having a resonant frequency. 



2. The band-pass filter of claim 1, in which the FBARs collectively have two or more different resonant frequencies. 

3. The band-pass filter of claim 1, in which the FBARs all have different resonant frequencies. 

4. The band-pass filter of one of the preceding claims, in which: 

the FBARs included in the series elements all have the same resonant frequency; and 

the FBARs included in the shunt elements all have the same resonant frequency, different from the resonant frequency o 
FBARs comprised in the series elements. 



5. The band-pass filter of any one of the preceding claims, in which the FBAR comprised in one of the shunt elements ir 
a first FBAR; and 

a second FBAR in series with the first FBAR* 



6. The band-pass filter of any one of the preceding claims, additionally comprising an auxiliary inductor in series with a 
common ground connection to two of the shunt elements. 

7. The band-pass filter of any one of the preceding claims, in which at least one of the elements additionally comprises a 
auxiliary inductor in series with the FBAR comprised therein. 

8. A duplexer, comprising: 

a first port, a second port and a third port; 

a first band-pass filter according to any one of claims 1-7 connected between the first port and the third port; and 

a series circuit connected between the second port and the third port, the series circuit including a 90 DEG phase shifter 

with a second band-pass filter according to any one of claims 1-7. 



9. The duplexer of claim 8, in which at least one of the elements additionally comprises an auxiliary inductor in series w 
FBAR comprised therein. 

10. The duplexer of claim 9, in which: 

the first band-pass filter and the second band-pass filter each have an upper band limit and a lower band limit, one of the 
band limit and the lower band limit of the first band-pass filter overlapping the other of the upper band limit and the low. 
limit of the second band-pass filter; 
the FBAR includes a shunt capacitance; and 

the auxiliary inductor has an inductance that has a series resonance with the shunt capacitance at a frequency correspond 
one of the upper band limit and the lower band limit of the fmi band-pass filter and the upper band limit and the lower b 
limitof the second band-pass filter. 
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1 1 . The duplexer of claim 9 or 10, in which the auxiliary inductor is in series with the FBAR comprised in one of the shi 
elements. 

12. The duplexer of claim 1 1, in which the one of the shunt elements is one of the shunt elements of the second band-pas 

13 . An integrated array of film bulk acoustic resonators (FBARs) in which at least one of the FBARs differs in resonant 
frequency from others of the FBARs, the integrated array comprising: 

a piezoelectric layer comprising a first major surface opposite a second major surface; 
first electrodes located on the first major surface of the piezoelectric layer; and 

second electrodes located on the second major surface of the piezoelectric layer, one of the FBARs being defined at loca 
where one of the second electrodes overlaps one of the first electrodes, in which: 

the electrodes that define the one of the FBARs differing in resonant frequency from the others of the FBARs differ in w 
thickness from others of the electrodes defining the others of the FBAR$. 



14, The integrated amy of claim 13, in which the electrodes defining the one of the FBARs differing in resonant ficquei 
the others of the FBARs differ in physical thickness from the others of the electrodes. 

15. The integrated array of claim 13 or 14, in which; 

the FBARs constitute series and shunt elements of a ladder circuit; 

the electrodes of the FBARs constituting the scries elements have substantially the same weighted thickness; and 

the electrodes of the FBARs constituting the shunt elements have substantially the same weighted thickness, different fr( 

weighted thickness of the electrodes of the FBARs constituting the series elements, 
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^a>3T2*©P5 0 1-50 9 (T.S. Rapport, cd.,CEL 
LULAR RADIO & PERSONAL CGWAJNIOttTO6,VOL.2.pp.5<U. 
-509, IEEE Press, Plscatavrav.NJ.ClS^KlfBSft* 1 *^, 
CDMA PCS&gtt. ®\ 9 OOMHz©ja?SaSWf 
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(3) 

3 

%, 2 o mh z K*2*a>. ^Ht^StfSSO^cai 

<OW3%. VKtoH, 6 0MHz -CAS. Chtt, 

*£-i?#&£t:4££i,-a>a. mi ». ^^^c? 

ja-C&S. 3?#7.fJl,*30. 3 2«c-2«iSia^14 
***ft*fti^3 6R<^3 8r^;*ft-t^5. 
10008] 

&HB. 1**e. JrD^MK. <K<5®3^ HCft-SO^K 
SftWft«ftiE>ftl,>. WRShte*SJtOjSV»3>#- 

*> r B. yyvusisss^offliiR^sefcftwaci 

S. *7fc, i5S©HT**=»tf-*:'rB. 4>ft<4 20 
h*iRS^ , ft 

fcf=>?C4K:ft*. 

i o o o 9 ) is^mm otcm a t> *> i -oomw 

B. -^ffi^ffltfefirftS. i£(H«14©fS#tfii}i3ffi 
1 2tt. 2S^feS2 0©aHi#- h 2 4 fcStUT 1 7 

4«{b»ittSti*4. ?##7.»;UJ»3 0. 3 2B. 
3 ft* C 4 ft < XKttffl C -CU> 3 'j fc-5-©f$tt£'£<fc; 3C 

$ ■» 4 c 4 ft < «A* W&r * ft vtti tf ft 6 ftv». 
[0010] SWTttt©P C S&EB. i*£WftS2 0 

C©Hz?5 -/7 • 7-<;i/*«, J-J2 8X8 X5mmi*i 
$1*0. 3>iS©l«ir#S:3>#-*>r-C*0. 
ft*. Z.QZ.^te-J <i\>*<J)*)-l>-?M%> 
?Tfeft-C#/cC4:£jfiU Cft#C©<fc 1 >ft£g©=J* 
KDSH4ft-9tl,>5>. 

[0011] 3Wtt!fei& ( S AW) 7 ^ ;U*tt. 

hXZtc. WHtt. O99s¥©0*©(llf^Cc45^* I E E 

7-f-1fr7. ■ 7 9is-?&U3-? ■ t 

DU-7ft6«:j:a-f 7V> ■ *7 • 7^ft « fa^l/ 
• ■ ^ • 7 47 ■ S AW • 7 y** 

(O.Ikata,N.Wishihara,Y.Satoh,H.Fultishima,and N.Hi 
risawa.A Desiqn of Antenna Duplexer UsinqLadder TV 
pe SAW Filters,PR0C.lS98 IEEE INTERNW10NU. ULTRAS 
CNICS SYMPCSIUM,SEMKVl,3AfiW, paper O-l(0ct.l998)} 



}) #158200 1 -2447 6 

4 

*i(!ia«S^%ffixfcSAW7^;Ujt<DP-;l' • 3T7tt. 
^+^ft^3Csteep)-Cft*. *©ftb0. 2 "70S 
AW7 a 4S^ * •< * *4£fijffl kftfrtftBftfcft 

<,>. 7^i/$o-^m:j:^t. &mm.v%{$mi® 

±3.Wfi*rt-2ft. 4,9— ^cD7^;u*«:J:'>-c 1 SI 

fpotusflKHcawc. ja^-rs7-f;i-**i3aiR$ 

ft4. L/fc*^-C. SAW7^JU5»*'<'-^«:L//tjiS 

io wsi&b. H#-c*ftwa£*3«o. ffisn-c. ware 
■rs^jfiSftJisft*. 

(0012] *^W«±IE*tSK:A^)W*rftSftte<> 

©•cfto . ms®mt%iatfMtmMtfMmmt.<D 

tyffrft I 1 7 7 h^iffl^SS^U^JHC 

J;-7t^!Kftffi©ffi!li14Xtt7 4 ;k*4»ttOjyRSS 
tt^JSfttoft*t4©ft(,>CDMA PCS$SS3P©ffl 
ji«W*fiJffi«rwlfl6K:t*©{c+^{c&ttft7 -f 

20 dEfc. *WM®t>'> 1 o©SW«. 5 v 9 ■ 7 ^ * 
*X»S AW7 -< Uc3l?T©S£-g$&® 
«fciJ*>ft»)^rfto-C. Sig3XH&ffi<ffioci# 

[00 13] 

<r>#- h i©[ffl{cffifessftfc?tr i ©^HJ7 < ;barjao"JB 

2©*- h4*P3©!K" h t©r a l«:«lK3ftfcEyJ0li8 
30 ^tfFBAR-4-A©jHS9JgMBt:tS«T&. fR\0> 

t»?gs@gS3^*ftrt>*. » l ©flW-Slslffi©*^ 

B. -tft-eftWig/^U^iS^SS (FUmBuHcAcousfi 
c Resonator ; filT, F BARil»7) ^Sfttf 
ejiJIlSSCCB. 3(2© ! !j?«7 ^^*ia?nj«rftT9 

o' s^affi^snt^*. stzmw? oMKm 
miTSL^mm^c^icta 2 ©w^mhbs^s* ft 

3I2©W^gl5S©^«:«*ft-eftFBAR 
*sg«fttl»*. 
40 [0 0 1 4] ^7^^«yJ>!t<itl-?«)S«S 
ftft*FBAR«. ^»«*:L,r2-o©53ft5^SMSfia 

[0015] w^7 ^ ^*©it>ft < t i> 1 "7©JR^HCS 

sftiFBARB. ±&tLxa^y.±.®&rj;ziym 

[0016] w^7 4 frZQfrts. < 4 1 1 o©3WC§ 
JftSFBARB, ^TT. Sft*Jt^jgiftS[ ) £[@x.iC 

[0017] w^7 ^ ;l/*©S ; F'©ii>ft< 4 1 -7B. 
SO $e>«C. ■tftCCt&aft-SFBAR4ia?>J 1 &ft-S1iBWJ-f> 
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(4) 

5 

[0018} 4 HtZWptt < <k 1 -3©125lJ5R* 
<c£$ft*FBARtt. £t. l^«&J3S&£fiSjt* 

BSS^ffc&SihfcFBARtt. ±X> D§£5)Js&*«:££ft 
BAR ©^Jg^iSBKi |8!-©&iBJ5]»& 

[0 0 1 9] fflHM>#**iiii:5lJ*&TFBARfc 

»U. * 1 ©«$? ■< Ajr ©?|J«_k8L » 1 ©SMS? -f 10 
;U*©»«m ^2©»l^7 v ;W*<D^iS±ISXB^ 

[0020] aaoaiBtctt. s <=>k. stat7 < * 

it l^Kfctf 4 2 •?©»»$*£*«-$* 

[0 0 2 1 ] &«SJft*©l-a{C£a*iSFBAR«. it 
mftT3H©FBAR&tf$ff2©FBAR&3<£rC:£ 20 

[ 0 0 2 2 ] ttHJCcfctit*. £ fc. #S83m&om?"J 

l9HS*^)flEL> £*©*Wen«:FBAR#3*ft-U> 

[0023] fiftlc. MMt, FBAR©'>ft<<!:fe 
1-5*5. fl!j(DFBARi^lS?fiS(dJS«5FBARO 
3yR7H£SI{!W*. jraru-fKB. SJ2©£&tfiJ 
t«*i»*i»te» l ©£3iifii££tfE«JB#3!S *v«» 
&. msrufctt. $&«c. EESSJa©Sf$ 1 ©£$8B«: 30 
BaafnfcftlODSSi. IB8l8©m2©£&MfcE5S 
8hfc£2©8Wft*JVCl»&. F BAR© lOtt, 
8J2 ©®E© 1 1 ©Sfiu© 1 Otgttt Steffi©* 
ft-eftfctet,vtj&l£3h£. fll!©FBAR4^Sia»®l 
«J||<cSFBAR©l-3«:Jg«Tr5«ffiW. (6©FBA 
R«rJgfiS-*-*ffi©affi ifi*ttSfitS (weighted chlckn 
css)tfSKt 
[0024) 

[JWCDJIWWKB] i!W©W!WtK«Ctt. F B AR# 

less* 5 * a. Wjttf. ^^coaasAtcfflaasn^ffi 4c 

KftffS . 5 8 7, 62 O-^&fft (*Wtt*CC*(r^:8 
fflT*) CCB. FBAR©3aSl!*l*S. 01 (a) tt. 

f b a r 5 o sm-rwaaia'c* s. 

[0 02 5] FBAR50W. S165 6tCJft3tShfc-? 
xfl/ 5 4 ©±«. *©J§tSrffl &ttte(suspend)BESBia 
52«r«S^-C«fiK?nS. JBS3&*©$ **©.£££& 

sas^ftfri&MKtt, •ass 8 . 6o#Easnro 

3. Sffi5 8. 6 0«C(J. *h-en. $S*6 6. 6 84 

ftL,*&SW£W>m$to&. ff®S5 2&tfSffi5 

8. 6 0 tt. E.f8&W&A * v * 6 2 fcJ&Jfct/T^*. * 



^08200 1-24476 
Effi#ilsga* f *B. SSfiBfcEftfnSftSfcEE©** 

[0 0 2 6) E«I85 2£S®5 8, QOttUHxn 
RSSnaiEESSlSS^ * v 9 6 2 tt, *©@»r»etl 
Tfei). ^©iS&ifiia^ifcSSi. fbCDMH^XU 
*ffit»L.ri»**IA. EE«#iI£Xio$'ttQ©i6(l,> 

m$m&mmi>. ^6 6, 6 8%^ur«ffi5 

8.60 tcfl]* 6n5SSS<a^«> ESft&HBX fvP 
(CfottS'fS*** » £ ©ffi*tt *JS$©2te"C85-?;fc 
IBtC$U>®?£?&£{S;L'Cl>*. r*t>%. f r = c/ 
2t.<cc-C. r r j»^nWKR7ft') < ctt**?* 
rtK«t **jnr* d, t ,«* * » *©fi*#*ws 

[0 02 7] HJlSOOMHarjttWttCaFBAR 

5 0 ©«©»&. fflEB8IMMSaf !/a>© , >*-« 
T7ifo"3. ffflSjS5 2«/?3*S$!j2 >im©S'(t7^5- , > 
A (A IN) ©iS-C4>«D. ifiS55 8. 6 0tt)9$*S«I 

o. iHniot'J^f>©)gT45. e©i8Wc*j<,» 
r . «©«ffiJfi*S5(R^ # v i' 6 2 ©5?tt©*»2c ©SB 

*m-c**. ufc*so-c. ®SBtm© ; tesii«E«« 

^S^*vi'©QCC*><ci3©Has*4^5„ ^RtfrA 

5--?A5f©-flaW)S:tB®^K:ib^'C > •^•jyf'vtt 

-,-C F B A R 5 0 «{fi©W©SffiJ: <5 fei«l,>Q* 
©aSAtCSM 3 MtimmiHWSl o 9 / 0 8 8 . 9 

6 4#a« (*naiBis«:fci,>r^0r^) jcgg^snx 

[0028) 01 (b>«. FBAR5 0©^fl511K4 

6 2 Ki^-C^fiESnea^^Vf-©* 

«B«^3>f*:>tfC.©8&m-CiS!>4. iEJSSR 
^K++^>i»>^C.©iS?iJSei^tyTI,>5. 

4 etc. ffi^S 

* * ^ 6 2 ©-<> y * * V^R^T ^< V f IrZZ 

mbX^i. JSfivSR.B, EtB^iig^f^J'©!^ 
mLXVZ. fitSSR.tt. ^8 6. 6 8<bES* 
ISSg^f v*6 2 t©lffl«:4JW4IS^©iSJlJ«SiffiCi% 

(0029) 01 <c) tt. S^6 6<tiffi-T-6 8 t©|g 

«cfeorans3n.5^>t-y>x i z i saatjgaaic 
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m + * > X C 4*W8* f /'Si' * >X C. £ ©R5lO 

1B^. ^He»MeaSCt>«k4K0. F BAR©a&&BSWfltt 

[ 0 0 3 0 ] H 2 ti. $£58©$ i ©gUfiBSSKflii & 
(IFBAR7W 1 0 2&tfgmFBAR7U-f 104 

Si 0 0{*. CDMA PCSKSKfflt^OfcjSb/t 
Sil*-H 2e^7>?-t-# 

90" #*8&1 34 v 2S{IFBAR7L"f 1 02£Sfr 
iMfflW? 1 3 0Ktf&<iFBAR7lW 1 0 4 
**tr»W&ll7 < 1 3 2 fcAKL-cawratiw 
S. F 1 2 4tt. i3MMW7 < A* 1 3 Otrt 

(/T71'7 i t '#-H2 8<cft£i?ft*l>S. 7>f- 
J-#-H!8B. Ban****™ 0' #*SS1 3 
4RV&m®1 <)\>fl32 ^r^U'C. *flW«-.h 1 

CO 0 3 1 ] PCS&E. H2JU7«SJt««}©Sff/S 

flMMCfc^-C. mtW&S 1 0 0<DT>f-t ■ #- H 
2 BB7>^ (BRWi* ) CcttltSh. iSfflW-M 

2 4«32<B{8 (HSr&r) ©ffi^Cc&SiSft. £<&#- 
F 1 2 6{tgfHa (H5»*) OA*W8»S*i«. » 
i$7 4 fr* 1 3 ORtf 1 3 2©iliaWlStt > *n*ti. 

ten-*. ®m>m<D®-&. ■■mmf>%fcwt&? j^z 1 

3 0&!>'l 3 2t±. 2HiFBAR7U-f 1 0 2£&tfi£ 
<t?£$7 4**130 ©K^iftffllhw^, SftF B A 4i 

R7 u i o 4 festtfwww? 4**132 oaua^ 
9 , a<i#«7 * ** 1 3 2 ©teJ?sswi± 

8*J«. < jU* 1 3 OOMiaSiSKfflaSJ; 

CO 0 3 2 ] ^Ctc. iS^fcS? v A* 1 3 0©ti»jg(co 

wcsaqa-rs. aunw^-r^tt. iSftF bar7u 

-H 0 2*«S*.r«lSi**VtVS. j^FBAR7UW 
1 0 2 «. W^SIalS 6®lffiT * J: 5 tifciiyiJ 
FBAR101, 1 0 3. 1 0 5<b^|iSFBAR10 
7, 1 0 9 tfcfiS*.?«tfi2S*VC<,>*. if5>lFBARtt 5 



5) #6820 0 1-2447 6 

8 

xm#- F 1 2 4 47W-7 •#-H28 tOlfflKBl 
7>){c8&<*iVCte«5, #58FBAR1 0 7tt, 7-X<k 
ityijFBARl OS&tf&JiJFBARl 0 5©R8©<>- 

FB AR 1 0 1. 103. 1 05. 107. 109 

ttttt,*. FBAR7U-M 0 2CCfc(,>X, 1 -7©Sy>JF 
BARi 1 0©»88F B A R t ■C*tl?mi$,2 
10 mWOStV l ^©ifijnj F B A RXte 1 ^©^SSF BAR 

«ft«i*«3ft**8W*tt. &<il?i$7 y i 
3 o ©@itIs©7 ^ * iimmvsmF b a r 7 u 4 1 0 

Z^^SSI-Sfia'JOFBARCimaKio-C^S. w 
UratCtt. j^lt^^^^^BFBARl 05© 

CO03 3]^5C. adffiW7-fJl'5'13 2©»S(C-P 
t,»TW S. g(t^7 -f^f 1 3 2tt. §©FBA 
R7 H 1 0 4 JHBjfflft*S*va»*. Sf^F BAR 

7u-/io4«. mwx&Mttixtitimstx 

20 fcBJtJFBARl 1 1. 113. U5 4^1i5FBAR 
12 1. 1 2 3. 1 2 5. 1 2 7 4Sr«5^r«ia(3n-C 
iCJUFBARti. 7>-f7 •jP-H 2 8*»fea 
IfflCao" S^aSSl 3 4©iaW43MSJJ«-H2 64<0 

[ffl{ci5>JK:««ssn-c^&. jj'KFBARiaiw, 7 

-^iSJiJFBAR 1 1 18KF7i'f-^ • #-f 1 2 8 
^6fiRCE> 9 0 ' mm 1 3 4 ©JSSI5©R8© F i© 
laUCgS^SnTOS. #|I8FBAR1 2 3W7-XiiS 
5UFBAR1 1 lRVi^lJFBARl 1 3fffl©v-Fi 
©IBJKgaS hfiSO. «-KFBAR12 5tt7-^i 
30 BgiiJFBAR 1 1 BAR 1 1 Stffl©^- F 

tanmcjai&hTfco. #bfbariz7«7-x 

tg^JFBARl 1 5SVSfSil<-H2 6©fffl©y- 

FiwraK^sn-ct^. ia^©pa©i8 

^. FB AR 1 11. 113. 115. 12 1. 12 
3. 1 2 5. 1 2 7H. 31/2®©«1?S!@IBJ£B^L/ 

&©$ttg<B3Hsll7 yJl/f 1 3 2 ©gfa©7 y 
RD ! S<tFBAR7U^ 1 0 4*«JjSfS(@'»©FBA 
40 ROSfttKio-C^**. 

CO 034] 9 0- StfB&l 3 4<bO-Cfflt,^©«CjaL/ 
telalKttSa^iBKfeO^'CjaSai-Cifea. t«IA{*. 9 0' 
8IBS1 3 4«. fttJi-{>yi'i'ay3>7 : >'7-X«A 
/4 £B5 ^ >^{E}^-CWfiW* C i^fig-CA 
1003 5) -etl-eh. jgflfflng7<rJV* 1 30RUM& 
d^iS^ w 1 3 2©^rS©7 ^ rt-ffttttf&fcft* 
Jc5«CFBAR7U-< 10 2^^1 0 4©3fi[tf*tf ^/c 

U»S?©HP EE s o f Co r p. {C«t-9tBSI6Sh 
SO ■C^5'7-Yi'CJ'7x-"7'-7 t t)'^>* i-af-A <MD 
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5) (Microwave Design System (MD5) , release 7.0(199 

6) )4Pft;m*ftiJlE© W £ DiaSKH-^ 3 » i—nzm 
fflUc. &FBAR7W©fla*©FBAR«. 01 

(b) tc^T^IESftfcA*-'?-;*-^:/ • y-f^ni 
S8(Butteraorth-vanDylffl circuiO^ffl^r^fJWbS 
nfc. COS^S^U-m. H8te*a<tO. FB 
AR7U-n0 2. 1 0 40-etl-etlKtoWSFBAR 

fc. ^SW'>S*L--**ffiv>r£FBAR 

sf b a Rzmm'ZK.'m'sWiZ * ? ?»©«§ * 

v'VWd'^^y r • -(^(Mathsoft.In 

cOKJ^rjRftSftr^S^X • F8 (Math 
cad 8) {CgBSSaJfeO, 1 964^-^-3-* 

a— j vt> • IsissW • T> F ■ ^ V » F £ 
1 . I A3IJ (PHYSICAL ACOUSTICS PRINCIPLES AND ME 20 
TH30S.Vol.lA, pp. 239-217, Academic Press, No* York(19 
64)){C*JI ( >-Cy7' , ;» • t'- ■ "7V> (W. P. Mas 
on) fi£<fc^)S&$ftfc*^i'*^-*KUcfc© 
r#>S. 

[0036] CDMA PCS«aW)iS3«8Sl 00 
©SHgfiWi? 4 to* 1 3 0 ©F?m©7 4 

a»FBAR7Wl0 2**fiWft8S<lFBA 
R 1 0 1 - 1 0 5&&rffltttiMtftftttt*«C 
W«r*»). ^gJFBARl 0 7&9l0 9ttH#6fc 
HCW»)WI««»iL*Ct«»me**. 0*U K 30 

m BAR<omsim.\tm¥ b a R©««H*ttJ: 

[0037) ±X<Dffi*\F B A D&igjg&Sfcfti 
*. ^tO^IISFBARASfliyiJFBARW^Siasgai 

4>\>zizo<o?4 jv iiitttASffijitc j: ^ r \t 

..iS-Sfc&Sifi^fcaa. C©*5£. 2MSFBARTUW 
tt£ft £ O-C 2 oiy_h©Sfc *&JSt$«£*r * 5 F B 
AR4fflitr«Wf3'*C4*fflJter*S. « 
[003 8] SS^?^* 1 3 2tCffll»6nSFB 
AR7H10 4B. 4T|Bll;««BiW*««.4lfiWI 
FBARi, ^T^JFBAR0^8Haa»<t«*a<t 
4. l^-i^SJSIjgK^ftJ^S^lSFBARiiHJ^rffi 
ataeti^IffirAS. CDMA PCS& 

aOiSSHOfeS 1 0 0©ifi£. w ;H« 1 3 2 

tt. gfetf-r 1 2 6(C*tt«ftfflfi5&V&3tl*Sfi 

.. VHi'OffiU'^l'Ser. 7>f-t - H 2 8(cftW s 



#B32O0 1-2447 6 
10 

•C. «^«<7 yjl/* 1 3 2©jM<i^Mgitfftt. 2* 
^7«? ^$130 ©Sfcfa-SBfc&SPr <fc 0 0 
|ffiH^©Cca«. ^H©FBARSm3??!5«:*J/S1"5 
t, SJlJFBAR*J±ri5ID^6SffiaK4{!S^> #3SF 
BAR*i^re5>JF B AR©£lEJaift»£tt£tt*igi; 
^J351?6S i &<l3;t*£<iFBAR7W 1 0 4©£ffl8 

[003 9] 3MFBAR7IW 1 04Kfcl>-C. CD 
MAPS C®g<D3:®™i&7 4 >l* 1 3 2 JW*rS©7 

BAR* 1 . ISJD^iaiSS'&iSilSfctf'Cttftl^. E 
W BARtt^r|SIi;^lRSaa€rffiASC£Ai5I66r 

ARW. £#4 or 3^^©Ktt4#MW»&fc«M. 
*e£ri«BSlA>. tB£{CJ:->rtt. aiiFBARTU 

•< ««}ja-r * f b a Rrt*£r sift z&vmmmB*. s 

[0 040 ] ®5F©^©*&^. SffFBARrW 1 0 
4©E0)FBAR1 1 1. 113. 115©£1S®BS8 
B. &jfrf*«fc5{c\ ^•m^«7^Jl/5'l 3 0 ROW 

EilFBARru^l0 2©it?njFBAR10 1. 10 

3. !0 5©^JSSSfS(J:'3«.^8 0MHzi30>. 

[oo4i3 ms.K.f£->x. HamttfBsm±!&att$ 

tlfcU< ^©*IES<^F B A R£{B*.*I8®F BAR 
7U-f*«3a*hri,»4. j2mFBAR7U-f 102S 
D ! SmFBAR7l"< 1 0 4iLr. C©<fc^^^F 

BAR7u-<i&ffli ( ^ciK:J:'5r. «a>r/lvSt»*>8S 

Wl 0 0©SH¥«sft«c<tpJfiE«:(!tS. E3 (a) S 
Cfl33 (b) «. FBAR7U-T 1 0 2Rc*l0 4^- 

§nfc60©FBAR7 2, 73. 74. 75. 76. 

7 7 fcfiS*. -C *{tfiS? tl ■& F B A R 7 U A 7 0 *rm*«K& 
ar**. HI (a) {c^r#— FBAR5 0£|al8l 
(C, E«IB78A^»;=3>ffi«8 2±«cm3^c , ?3: 

;u8 0©±{c. ^©psis-Cif^nr^s. ?SS8 3. 8 

4. 8 5. 8 6. 8 7#ffi«ra&ffi©ffi£*6»|iB©S& 
fl-lcffiaShru*. S3 (a) «c5SBK-Cw$nyc®g 

8 8ScK®6S8 9#. Efflia^®©Ste«cBBL/fcaj»«: 
S2SSnT;i,>5. FBARtSESiawPlflWflffi©^* 5 
gft4<bC^«:0fiS3nS. flat*. FBAR72W« 
®8 3SO'SS8 8 aiffi&Si C 5<C}KfiS3*l-Ct,>4„ 

[ 0 04 2 ] S<£8 2«:JBfl8$n/cfll— 5*;l/8 0«C» 
tSJfaft^JSiOr. SffiKFBAR7 2~7 7<I> 

*n-ehK:i-or^©ifia'f*^ j 6JBBST4£. fba 
Rtt-tn^no^©'? *jp©±{c*6tisc ±«c&*. 

F B ARO^iUPnKlOTOf ***SB*8 C ifC J: o 
"C. FBAR©Q^iS<aO > ft®tt*5|^±T«. 
I [0043] FBAR72~7 7©^n-eh©fiii0i5^ffl( 
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11 

KS«$ftT«r»*J:5fc. £K5©FBARtt. JfMfoH* 

^^Ur^WS?lMai©«4« s «*T*. S&K. FB 
AR7U"f7 0*#J$**FBAR«. — fi5«C, EflftP 10 

[0044] iftO. 6WmmT, #30. 14mm© 
*✓ g a >&Ki:<cttft8i , i*ttStF B A R 7 l/-f £JBt» 
t. 1 0 0©FBAR7U-f 102 

[0045] FBAR7H 1 0 2&#FBAR7k"f 
1 0 4*#fifrr*«FBAR©#1itt, ff«ia©JSS 
ttfK F B A R ©«ffi©fln?aRO'JSi5 o "CifcS 
NJLtf. «HFBAR7l>-f7 0©»*. FBAR7 2 
©<£&». H£ai®7 8©iS3, «€S8 3itJffi8 8i© 20 

[0046] FBAR7W70«MWaFBAR 
tt. *ffiEUS»7 8«^C/T(,>5©-C. 7MWtt*» 
tt&FBAR©*ft-eft©#iSjgiffi»tt. FBAR©S 

ft*. 

[ 0 0 4 7 ) £X<D&\F BARKIS] C^asE&StfctS 

&t»S&*. F B A R7W 1 0 2 SO-' 1 0 4©^JB 
J$86iU-CBl( I >6ft.&Jfi8!FBAR7W 7 0©#3S8§ 

area. < & *> i -3©ss##b& f b a R©**{6r 

*WLfc9fcW<fc*J:9«C»RFBAR*SflPr*e 
^FBAR©«»Wl8^l0flFBAR 

nM&MKBKtitfH*.. *l/t, £T©£i»FBAR# 
0 ISJtiHHittteff*. *o*CD^^J«Btt»B2W F B A 
ROfflRflttlte £«FBAR7U"f©Siffi 
(C-frEiSft* 7"a-feXtt. £r©FBARjW10ftfi 40 
JSii6&£<iKlASJS?8 F B A R7 U >r(MHf|HCi» & S ft 

[0048] FBAR#. £#£OT. CDMA PC 
S«WWMttWMWC»(,»6nssaBFBAR7U-f 1 
0 4©5SSSEaa©<fc5«C. 3oHJfc0*^Mtt*fflil 
SFBAR7W 1 0 2&V1 O 4©^tfiSSfi5(Cfflt»6 
ft<5 F B A R7 U -f 7 0 ©25i£518Wfct. FBAR©« 

ffixm **^^©&«c^r*»©£fr * 

•^©3i8iFBAR7U-fKffK8» i &fflt > 
■C, 3 oJ^©.Efc 7 SO 



!|$082 OO 1-24476 
12 

u ^ tc*s » 5 f b a R<o&icm*zm>& a 

C£#oJ1i8&. CDMA PCS$$E©i*g<2)8!£K*J 
»*SM&PBARru-f 1 04tUTffll»6tl*aaiF 
BAR7 U-f ©5?SM&SSfPTSC iliBSST**. 
U»U C©«fc5«C(,T3isFBAR7l/-f£81f'Pr* 
t. $£tt&jgl 0 0 It. 20©FBAR7U-f 1 02 

m i o 4 <t o o • 1 3 4 tatfrzim ft*© 

■C. ggSJftSl 0 0OT4X4>*An<Cft&6tl&. 
S4W. $8E©&2©§IM*&(Cffi*&^fc8£* 
tHKE-CifeS. $£ti3£SSt*. B2{Cw^8ia&fi8R: 
ttHW*£» ft£*&b>#<, *<DJtoFBARTH2 
0 4tt. ^HO«IIPBARru-f«fH«li*IBl»'C* 
frr*©*sSSr*0. a* h j£g«ZJ&3l2 0 

ott. cdma pcstmD&gsjtimtirXQmm 

«cai/fcfc©«CT&7^JU*1*lt*fiS*-C(,»*#. 3£g 
FBAR7M2 0 2&tfg^FBAR7W2 0 4 

ARi. £T#, B5>JFBAR©W8JWjB»fc«lW: 
S. HC^Hitti[CWl«MBFBAR&«1lil-e« 
ft*h«Wl8ft"Cl»4. CfttC<tor. FBAR#£# 
4L/T2-p©*Sgj5IffifSA:Wb*ffiiT:t^«c(,»»aF B 
AR&. FBAR7H2 0 2RO t 2 04©-£ft-eft£ 
l/CJH>»4C4*flfliWc&4. C5Lfc«g}FBAR7 

wra. FBAR©^r*iisn;ss5iasteK ; &m'ci,»5 

FBAR7M*SffT*fc»©7n-fe*£H:'<-C, £ 
4#nltl-eft*. ®2ROT4iffiSfT5SP^{C}3j3j- 

©*wtf*L.rawj*tf«r4. 

[0049] a£g|ft&2 0 0«. aa#-nz4. 
Sfi#- h 1 2 GRtfT^r? • H 2 8Sftt/c 
3!P-t-5?iaT?fe'?. SO' WW134, JSfaFBA 
R7 2 0 2 %#f*2&<a«t£7 v ** 2 3 0 
»F BA R7 W 2 0 4£Sfr2'<s#i?S!7 < *9 2 3 2 
%«Sx?8K52Sft-a>*. gf®!j<-H2 4K, 2lft» 
«7 ^**«H/-C7>^ ■ H 2 8 KSgiSft 
Wi, 7>f t '#-1-1288. iiC^M«RE*<K-r9 
0' 8WS&&ftMMt7 ^ ^5»«t-l/-C«m*-" h 1 
2 6K^$ft-C(,^. 

C0 0 5O) PC'SM, ***«B3U*««W8fi/« 
f§SRK:flK>6ft*t8£, @2«:^T)-t©tPI«l©ilB5 
«MHC«l>X. 3S-SWJ&S2 O O<07 >9-f- • #~ H 
2 8St7>f^- (BffiWr) «cm«i!$ft. flMW- H 
2 4tfiS-m« (BHrttT) ©tti^K^sn. S(fd<- 
I' 1 2 6 It. g<t18 (BaHUT) ©A*K«^Sft2>, 

^is^ <^f23ost;232 oaaftifttt. -eft* 
ft. iiftfiatcct o &ms®*$<Df8mm-&.V£ 

ep*(Ct*. @7n©ffl©ttte. ^ 2 3 ORtf 
2 3 2tt. m™&y -f **2 3 0©SS«aHihStS 
*». 5f3^?iS7-f^f 2 3 2©2fflWJa4ffiar). St 



•06-08-21 ; 05 :52PM) KATAYAMA&PARTNERS 



13 

m? a a *<DimwM%imi. wa^m? < a*© 

[005 1 ] Staffs <)l*2Z2 (CO^tSi 
"BITS. SeW*?.***!*. §©FBAR7U-f2 0 
4. jS^Jfigaft-Of i'* 2 4 1. 24 3&O t fH8«6SM 
>***2 3 1. 2 3 3. 2 3 5. 2 3 7 SrfiJ^T^ 
Siren*. £{IFBAR7W«. «TS2[elSS*Jft35 
■T5J:^«:®K3n/tii?IJFBAR2 1 1 . 2 13. 2 
15£. £BSFBAR221. 223. 225. 227 

1. £0JFBAR2 11. 2 13. 2 1 5 RWHTUSfiM 
•04f* *2 4 3tt. 7V?^ • 2 8A>5j3K5 

©9 0' $*B& 1 3 4©«*K:35{t#- H 2 6 4©ffl 
{CifiGWeflH&StVtl.**. #BSFBAR2 2 lRC^SS 
ffi]iJJ^>^f *2 3 1«, r-Xil^Mlft^^^^it 
14 l&?>'iS5)JFBAR2 1 1PB©./- F±©WKHW 
K«tt*trCl»*. #SSFBAR2 2 3&WHSS}iBi«N 
>^5f2 3 3tt, 7-^iil[9lJFBAR2 1 1RCK2 

1 3i8ioy-H4cora«ca5ii«:aKsn'ci>s. #$sf 

BAR2 2 5&tf#KWN:>#**2 3 5», 7-* 
iiEJIJF B AR 2 1 3Ktf2 1 5BBO^- Fi©Hfl{Cig 
Wfc«tt**iT«.>*. ^3SFBAR2 2 7RDWlBB» 
-f>^^^2 3 7W. 7-*<tSyiJFBAR2 1 5Rtf 
(E3W§iW-f > * 2 4 3 Iffl© K iOIBlKitJWelg 
ttStiTt**., (,/c#-oT. E!4©lg£. FBARRtf 

fflttt. £{tW8i(7^*2 3 2©^2©7.fA*1$14. 
F B A R 7 U 2 0 4 fcftfiST 5 fflfllj F B A R©1$ 

rnxm® 4 s * <? a «mm. j: o-cfc* a. 

[0 0 5 2 ] FBAR7W2 04©tB£, jtCUFBA 
R2 1 1 . 2 13. 2 1 5«. ^HCft£ffiAltett 
#8&FBAR2 2 1. 223. 225. 227 tt. 

ZkKV&mmAt. #&FBAR©ftJgjg$$Ur) 
03 (a)]Rl>'ia3 < b > KSV^SIF B 
AR7W7 0£fflt£©l&$FBAR7W*l. FBA 

R 2 0 4 £ Lxm<.>?>hZ®&. immmtkomz, * 
hfcOHffifcittS-tf 5ta&fc$MI8F B A R©m*Bfc'W 

[005 3] FBAR7W2 0 4-C7jVTJ:3(C. 
FBAR2 1 1.2 13. 2 1 5© 1 -3K}git£;*fiai,> 
£«SFBAR221. 223. 225. 227©tS& 
tt, $t»rftji^tc1gKSh2.©-C»%<. m.L 

tdsmemmnt. mL^tiM^a^x. ^ssasi* 

-T>^*2 3 1. 2 3 3. 2 3 5. 2 3 7fc£. -en-? 
ti. 4J8SFBAR221, 223. 225. 2274E 
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[0 0 5 4] 01 (b) (C^TFBAR©iBtE$nteM 
^■caA^^SC. WMl4 % s>ti> 2«FBAR©aS*© 

lofcitiW{c«fiST4ci«:J:-5T. 

F B AROttttffirt > y <? $ L.&tf#S&* f His 

?:/XtCK2-?©£fc38lj$, f&to*>> FBAROgt 

m&czvzmmi. m^tt^tt >^«fb 

10 AR©!eiJ^j3l!Sa{c»L<rC<*>rA»a^B^S 

[0055] mm^9t>*2?!, 1. 23 3. 2 35. 
2S7£ffil->T. £te^i£7^*2 3 2*tM*SF 
BAR2 2 1. 22 3. 2 2 5. 2 2 7©St5IJ&JSgS! 
&*£frSSr*3{£T<5-&5£. FBAR7W 20 4 
«:W5^t:©iSfJFBAR*s, m,$8m ! imX:'® 
FBAR7WeOstt*£-t©#88FBAR#. 0 

ffitS©SlffiStl$ft*Il^.rcS(fS«i7 

20 a. 

[0056] attflS5lJ£^tt. na>-f>jr^*>^<t^ 

i*hS(addiirional null). WtoA^W £>*©<fi 
«. j&teHU98K*B£L. T32©^ScS!(M1S©1-3 

30 g/aSfflt«ElnKc*ju-c$|J»tt«: 5 0 d B£iS*.Si£&* 

aostisci^uifieccjsi. c©ssm«. enm 

[0057] ±S©-tf r JHt7"A«, a5S«0g5ffi2 0 
Ofc^WfcO. FBAR7UV2 0 4'&WfiE-i-5FB 
ARAJ. 20©5-fe^it^-aag{«l-;L/*>fli5^.'CI,^JCl.» 
«Cfcto»fe6-3\ S^JS? ^ Jl/if 2 3 2K*©i5fM© 
7^;U*«14«:igeWaffin&-<>yi'i«2 3 l. 2 3 
3. 2 3 5. 2 3 7. 24 1. 2 4 3 <DW%®&* 
40 «>KfiJfflSiia. 04©i£2\ ffl)D-f>^4'i'©-<^f 
fif>^«. 2^5nH©fflifflrtrftS. Clitt. ^8 
0 n HT& 3 F B A R©&tStfW > f * f >X U CCit 

S©£*^>***£?i|ffil/Cfc. FBAR©iBnjftlil 

[0058] ffiS&Ctt. S^KifijW-fVf ^5>2 3 1. 
2 3 3. 2 3 5, 2 3 7©-5-ft^ft©-Y>y**>X 
(J, FBAR7P^2 0 4©Aver-y©-eh-eil©iK 

SO >y*i»©^>yd?^>^atfFBAR7U^202R 
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Q C FBAR7L'^2 0 4*l&2Wfc&2 0 0 $«Str5 
J: 7 (OR 0 tftt Utifc? V > F ll&SSffiCiSSitS F U- 
X©.^ 4 *ii[?iJiCjfi*-^fo-ttS C 4 tcfc o 

tZlb-ZVbitc 3 FBAR7M20 4 

j£#J$f!fr<(:>$r**:'X2 4 l&tf2 4 3© 

[0 05 9 3 ±K©J:9«:. ia4©iS^. S^F BAR 
0 4©i?lJFBAR2 1 1. 213, 2 15© 

a >i<i> i 3 2 ©ftfttfc-^ ^ y ~7tzit$>> 

>M<iFBAR7U-n 0 2©iff?>JFBAR 1 0 1. 10 

3, io 5<z>m®mn£'o ^soMHziSo. 

[0060] ^©ffljStCte^r.. &{s$W7 -f 2 
325C. WB))4># 0* 23 1. 233. 235. 23 
7, 24 1. 2 4 3©£"Cai£*;hTlf>4i&Rtt&l.». 
C 7 Lrtffij*©«^> 02KwT3H©B(S»B«S©<l;5 
K. ^FBAR©#&<4M^#H&7-X5dg«i 

ztimmzix. mzsmtsv 4 c 

[OOOllfcK. 8^187^*2 3 0CC-7t,>?S& 
Wf*. 3^m^7^;l/i'©i5ffS©7^;l'f!(*tt^fc 
t©K-t#fc&3©Q£fi!i*.fcF BAft*Jf<Jfflolfi6'C» 
titt. 2S(3fflfiS7 -r;i>*2304l,r l l32 5tW£Hi 

w®p < >i>it 1 3 o <biu t&w? < >\,tt&mthc t 
■e*fcir»t»a. asw*. asters? -*juf©7 

^CCMbT J:9*tfc>£^*§ll#:^4 SttSi© 

> f 7 jf *«f ffifi&fc *<JJBT S C 4 Jjs Uffir * 5 . 
jSfSFBARTHtt. ®^lIfiSS:J&fcTS<fc5K:lg 
JSSftfcE$yFBAR2 0 1, 203. 2054#8}F 
BAR207. 2 0 9 44<9*.-CljJs8S<irC»S. S^IJ 
F B AR 2 0 1, 203. 205tt. ^-HZ4 

try?* • #- n 2 8 <t©ia«:iiBnjtc^$n^. 

F B A R 2 0 7 Rtf#8gfflHJM > ^7 f 2 4 1 fct. 
7-X465>jFBAR2 0 1 RU^ 0 $mos~- F"4© 
llliCllEltltC&RStiS. #KFBAR2 0 9RD ! #B8}lB 
EB)^>^?*243tt. 7-X4E3ajFBAR2 0 3R 
#2 0 5 |tU©y- F i©r H 1{C^J{cgBKSn-5. l//c# 
^•C. H4©tB*. FBARa^fflUft-0^i»**SK 
TStiKJ^T. 2V2&«*&IeI8o7W6ft*. 
[00621 J2faffi^7 v 2 3 0©*BTS[Hl88tcfc 
$&g8K£-3-CSS-CW:&V». !&K4SiT, 
■5£K©Sfc&tf3©©»tt. a{S57«7 -f fr*<Dim.0> 
HMVm. gffiFBARrlW 2 0 2£MS-rSfig 
* © F B A R ©ftS&tHliiHi) A > 7" * 7 ©ftttCC J: T 
Wm\t. ^m7^JU*J4ffinjFBAR2 0 5 
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©&t> 2 mxm%m*.xm.% tit. 

[ 0 0 6 3 ) J8te?S$7 4 *7 2 3 0 ©7 4 JU**H£K 
*)T5ffii8K >#**©&»«. S£<i7H©7<jI/7. 

fctttcat-r ««n-r * ©±ga©^gtcffi3T5ft: 

[ 0 0 6 4 ] ffllgK ^ *7 * 4&fl#ia!7 4 M 2 3 0 

©a&F BAR207jy>-2o g ©eiveft4©B5iM 

ffi©tt8&4t,-C. m-ffilfc-fVT^T^^ftBfFB 
A R 1 0 7 » V 1 0 9 ©ftilT - ^J6S8 2 4 5 i ml<<C 

^®^T«Ci(cj;-7r, SH3^7-<;Uf©?S«;j: 

o m ^o^m^±v . ^ <fc *) m>i&ft<Dim.w 

@4Km-rj:?«: 1 1f«f;-Y>y**iW^© 
^SSFBAR*iiI5IJCC«KSnSd:. «|fJ««fe 

[0 0 6 5] H4«:^-rj^SW»S2 0 0©7*ah^-{ 

^©iwissirtt. m#- n 2 4 ir>f-t • 

H 28 4©[«I©WA^*i > ^^©^^Kfcft 
•5r3dB*vS-C*^fc. j»B#-H2 4)!p6S<t* 

20 - n 2 6 *-c©»iitt. mn%m*mict>f^r 

5 0dB^:iffijL. %mWtZ*>tc • 3 T46dBm 

coo66] jasgj&ffi2 o o ^t»s£^5«iisaija7 a 

Jl* 2 3 0ZiU : 2 3 2 «. HJ{3fl?J?8K:toyc-5t:2 7 v F 
c. w. o^Wtos-sirftri,^. 

[ 0 0 B 7 ] Jt£ftHflKJ:2,7-a F f-f 7-©F BAR^ 
-xtcLto&SWJftffitt. (a Miniaturized Dielectric 

Manotrtock Duplexer for 1.9 GHz Band PCS Delcphon 
e System r 96 IEICE.no.349(CPMC 960103) ,pp55-60O99 
30 6))tC*}^-C. ? 4- f 4 - ■ "Jis#?& 
RUX -j * - Ffta.Okada.T.Tsu.iiquchi ,and H. 
Matumoto)tcir>-C)S3SSn/SCDMA PCS ©19 

o omh z -fev s v * im&K. £ *,m$$i$i%0<±m 

^<«:^gcTS*\ XB. *htm5. 7"ah5t^7 
©F BAR^-^KlL/cSISWftS©^?'*-^^ 
{i. ^8mmX5mmX2mm-caO. 0^-3 "C. 7" 
aFf-iT^FBARS^-^K Uz$&tym%®m 
tt. ±SH-fe75vfjMS«I«sS©iK)l/14(cttS. J: 
QSKtcCifct. F^-f^FBAR^^-^KU 
40 fc2lSWJftS©E3 -fe^ 5 v *jM«^ftS©« 1 / 
3CC&S©"?. FBARS^-^KOifc^WJftSiS. 

fcre^T*"; > F(s]^iSffi{ctet,>T:©feis$©iSt,^>!P 

-^^htJBitc^iu^^-c^S. CilW. PCSK 

a. -biU7fsaxH3"Fu^«2s©jsas©<fc5^ 
[ o o e 8 ] s AWi&yjjia&tt. *mnc- smv f 

•> V 7"© F B A R^-^-XK: UfciSSWiftS tKiasi C 
1MX4fflitTlr»**i. SAWeaJfTB. CDM 
APCS©2 0MHzffS*!fnS©O";U- t75SfF^jS 
5d terctc^jrS^jSiliflE^acmuQ^^Siir^ 
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&tc&> 2oj^©S AW? ^^fyfflUftttftBft 
cote©, j&HK^ftSbrohKHfflu-c 

[0 0 6 9} $&$K. : fc£FBAR«-<-.x©j££W&& 
■Ctt, *ft-tn©FBAR7U^€r«W5t*FBAR0 

Hacej^r. a-2W^©!|$&^e~ 

■5. j£^W3M©ft14-/ 7^?+om 
t44>t:-y>:*£$S£0fttfft«ft6ft^. r>7^ 
Ofttt^e-jf^tt, -J&(C5 0Q-C&4. 50Q 10 
©»tt-f >K-*>^K^4j*-C«©F BA R7W 2 

0 4$fS:it-r5i:4ccj:- 3 r. 5MW«-M 2 6eci»8 

Lfc#B8FBAR2 2 7©*M #SSFBAR2 2 
3RtF2 2 5J:9*ft»>/hS<«c9. 8 0' f*fg{Rl 3 
4«ClW^L/c»8SFBAR2 2 1©1MX#. #U&2 2 
3&CF2 2 5£9AS<%£. #SSFBAR2 2 7«. 

X«/hS< ft* CiK J: t»"C. Q#33W©FB 
AR<fc>)i*>&*H5<tta. FBAR2 2 7©Q«s(ST 

[o o 7 o ) H5tt. mmv>mz<ow®mK.%$i& 

5WJWB3 0 0«wTHBWC*6. $£ir«©*8 

SfcWK? < * * 3 3 2 tt, 5 0 Q©*f V fcf- 
Hy^&fLX^iifi, #<iFBAR7U-f 3 0 4©# 
BFBAR3 3 7W. ^X&WQ^^SSF B AR2 3 

s. a3Ri«4Kvrsirsisw»ffi©tM-S5Ric*fj£ , !r 

*H 5 (CijVf J8S«J8iffi3 0 0 ©tiMOSRK. in 

(007 11 mstoimz qo ott&. sm4>v~* 

FBAR2 2 7fcB«IHDlc«fci'l. Q«. "J& 
-F B A R©«SJ 2 f&©ffiffl«rflS^. a 2 "5© F B A R 3 5 

te*J<*T, FBAR3 5 1RV3 5 3B. WfflfiF BA 
R2 2 3RO t 2 2 5©2{g*car> 1 QB^iifiKft 
&. 8*4 t/C. $3©&6SJg&-C&S5 0Q©!|$i$fe-f 

^2 0 0J:0fcfthfc7*>V* ! l$tt i fcffi*.*. Sfc. 40 
FBARSSlKtfSSSOSflttBlSB. 41— F BAR 
2 2 7©4<8©«#tCiH2.*. 

[ 0 0 7 2 ] j^3»gS3 0 0 ©7 ^ ;Hr1?tt©3 6ft 
S3tSB. m-'J^FBAR-Ctt/SK. S5>Jfi}fiS«rft 
■3-2-3©F BAR 3 5 5^^3 5 7 4FBAR32 1 i 
bTffll>SCi<C£o-CjfJjXTS©A*3S 

(0073JiS5iJK&fei3nfcFBAR35 l&tf35 
3£FBAR355Rtf357iB. ±S2©J:^«cffia 

#^u»*j. chB. *3Ewtc4-jraffl-cBft(,». £ 

Wfc«ttSftteFBAR«:J:-»Ti«BMc^>K-y>X 50 



CM) 963200 1 -24476 

AstS^hSW^tCtt, F BAR 3 5 lKtfBSBtt. S 
ftiEa^-rSCiAJBjfiB-C&S. L*>U F BAR© 

WBnmi>i>w&. *a©c»w6ft*. -en 

*tlBWc«R«tifc3-3©F BARKJ^TESftx. 
6fta#-FBAR©BH3<&©lBSI«B**. fiJIlK 
ttft3tifc3-3©FBAR€flil>ac&tcJ::>'C. Q* 

[0074] FBAR7U-f#. FBAR©SS©-^ 

ARXBF BAR?JU~?©&J§JSI»^a£Sna& 
«FBAR7WfcJ:^T5SffiSfc*&iJ&«{crH» 
■C. *#&W©8MIJ*??-»**fc*«. Ch«*JHB«ci-5 
-CfiS-C»ftl>. ±fB©«fc5tc. F B A R ©&ifi£J9&8jt 

b. •e©E«*a®xj«»*©fi*ft»/ss«:J:-!>r» 
**. a***©sftsttW(e*^£a#**v**m 

^©^swstsiB&fts, B*w«KB**»*©a 
&<&srta«:;uT,sfc©. as©ffi*##ras(«sts©«f 

fflWJgSiB&fc*. FBAR©«a©-^X»W35r© 
S*tt£JS$%£M-f*£. FBAR©J££&1££X* 
9*©S*W#SS. i,te»-»X, FBAR©&JJSffi«( 
SoWSft-T*. .fcffi©J:5«:, s«s©«!ii«ws*^:s 

tts^wssuyswroow&fcSE-j-s c t tc J: -> 

fcj&»-s-C. FBAR7H202©#S8FBA 
'R*»W«R«FBAR7H7 0©FBARtt. 4 

r0oss*tt*.*ctaH'lflt'ca«>. fbar7W 

2 0 2©#BSF B A R*«JfiW S£8SF B A R7 U 7 
0©FBAR©«SBB. ±X, iS9iJFBAR©0$4iia 

*. ftS£l/C. F BAR7U-f 2 0 2©iE5UF BAR 
mm F B A R 7 0 © F B A ROl&m.V F B 
A R 7 2 0 2 ©#8SF B A R £fBl£-r S&ffi F B A 
R7 0©FBAR©t8&£. |§]^©)?$©Sft<5.Sffi« 

ilfifi-eaS. iS?iJFBAR©S®©«®W^lc*}lt5ff 
SB. »S8F B A R©«ffi©Sffit#HC*Jtt 4*3lRJ: •) 

[0 07 5] c<dBRtS«:J;-,-C. *^qg©0!aEift-2.3l 

JBSSK(WfH3^S4>©-CBft<. W/S©39^«:fcl,>T 
JESS i\tc-#$M(DimfiKto^X2 & ?*ft<Si£t:iS 

[0076] «Ttc. 4c^©5l?iife©JBffi^©*«-S. 
[0077] 1.. »l©-K-h. 3B2©*-h&t«ff 
3©:Ji-l'i. SIIBail©*-l'iljiJf23J3©#-hi 
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>Wffl&&m (FBAR) #3£tra»S$Bl ©#$ 

h-en^^uf^ie^tsffi (fbar) mtm 
(007 812. B*aaFBAR#*ft-en#&@&?& 

fl&fjiaF BAR#. £T. |SJ t/^t^iffiS'&tS^. P 
BARA5. fT!aia?iJS^-{C$*n^.H5SSFBAR 

±gaisaii«©j§g8B&s. 

[0079) 3. 2©iifi$7 A f ©TffliffiSR-?- 

tC^ShSfflSaFBAR**, AWiL-C. 2-3©||&S 

[0 0 8 0 } 4. ffrS23J2©^«7 Y^f©S5225R^ 
tcS$nSijg5BFBAR#. ±f$tl>-C. 3-3fel±©lS 20 

i5cs^«®aaE»*(iJ*si:ffi2 3aK©2saw»s. 
(0 0 8 1) 5. m^20wM7 obtHomsst* 
CCSSnSWSBFBAR*!. £"C. .5SfrS£ff$E$&* 
lx.5Jt.ia2ffiffl{©B^»«S. 

[0082) 6. iWffl^ia7 < ©iW8BJR*©4>ft 
<i«>l^K: > S6KFBARiia3?iJ40:D-»^^y 
* *#£*ftSJJe2faslS©j££fl&S§. 

[0083) 7. ffrgasJ2©#$7 < jt/*omatfai 
jR^KSsnssirffiFBAR^. ±x> wicmm®& 

*4B*. iiSBJB2©«Wi7^;i/*©ffria»K«*«cft* 30 
Ja&BiJSBFBARtf. vUffiZZflTM? 4)l#<0 

wsaaj'J^K:^* n-sfiiaF b AR©ti*tfsa^sraifta 

[0084) 8. friasfj i ©w«7 ^ jL'fr&tfnijgaig 
z©^7 -en^n. #&hr£S3«tik<!: 
^{S^-cte 9 . iBiajr 1 ©^$7 4 * nomssmt^ 

RtMSdSBSHTFia©-^') 1 , fflg2S&2 ©#$7 •< ^if© 
8US3?|?JSI!±lffiRtm!S?!7i«T(IE©fe5-^«:jBtt*3. W 
S2FBAR##28*'W'5S'*>*£ia*., ffl2affliKH> 4C 

m&z i ©$$7 .* ^©wsai&i&hiE&tf 

Wem^BMfixmm 2 ©w$7 ^ ;U *©Hil8ffi&$ 
Jd^^^l&©l^Ofj£tfSEa&5tr. fwea^SS 

[0085) 9. fiJSaaHSJfs* © 1 -?KSSft*i)ilK 
FBAR**. ail©FBAR<t, 8(13335 1 ©FBARi 
B3AJ=&&T$2©FBAR£. £ffix.*±Ha2fiB*a©ai 

[0086) 10. fi?3BFBAR#. -Hl-eft. WE Si 
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20 

mumm. wssm? 4 mq&kk 1 t 1 o©» 

BRTKdCtl&tMneFBARAi, £{*£ot. 20© 

[0087) 1 1. WEFBAR**. **l*ft. *« 

ffiSR^K^Sn^fjaSFBAR^. £ft£(/C. 3o« 
JaOllfc SMMHKff X. 1 iaK©j^]tS! 

[008 8) 1 2. fif/SBF B A R#. -eft-eft. ft» 

wia#i$7 * ;i/*©4>&< £ t> i o©b? 

nB$-Ttc£*ft*i)ijiaFBAR#. KftS&tSJa 

[0089) 1 3. met!!®? 4 tozvu&s&ayj* 

<c<it»l-P{C l 3 6(C. -eftKlSfSftSililffiFBAR 
4BW**1Htt-f > f f *.fcia 1 SSKOSSS 

(0090J14. Bg3ag?2©««7^;Uf©Bll8BiI 
*BIWC*«ft*WEFBAR**. ^t, [SlC&iSJSiift 

vt&i*., B5ia&2 <d&&7 4 a> * ©Krsa^KsRT 
sti^mrsaFBAR^, fltrsagja^^^^i/* 
cjwawwucattftaiiWE f b a R©ffisa#tsiijfi 

[oo9i] 15. (5irsa®i ©»JJii7 < aowia 
*(ia^.-c*j o . «nasj i mm 4 * zowmwM 

32FBAR*s»S**^i'i»>^*fS^. o&ffifflHM:' 

Men i ©#$7 ^ ^^©MiBfifj^yimRo 1 

* t $ >^ icsjij^jg^ o * * > f > « 
x*j^a i 3tais©^s^as. 

[0092) 1 6.. mafflu^^y^^ mb^k 

»T<Dl-5{C#*h5fii^BFBARi®5««:*(/-Ct>* 
iJEl3ia«©j£gW&S. 

[0093) 1 7. mfSB^SS^ © 1 o/ii. jWffim2 

©»JS7 4 >w ©fljsa^ss^© i -?t?s.^±ia 1 6 a 

8©J8£WftS. 

[0094) 1 8. «932^H8«^©loK:SSn4Bir 
I3F BAR* 1 . S51©FBAR4. 85!£3n©F BAR 
4jS?iJ^J:-!r®2©FBARt. €rOB^.5J^aiSjlS© 

[0095) 1 9. ffifgaSfi^7vJU*©^ 

< t <» i -5{cfewsfjga»s»5S^©2 
ifiBSK©ai3wi$m. 

[0096) 20. ?5ffcJi7^iU5'3!i4. »B8JR^-t. 2 
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*tuW«M'<* *£fc&!S$S <F BAR) 

SMB. 

[0097) 2 1. MEFBARtf. £g4l/C. 2 

*, 

[0098) 22. iWSBFBARdJ, £#&l/t. 3 
oj^(D*ft«#auim^**±£2 0ia*S©j!££ 

[0099) 2 3. MBFBARtf. ^"C, JUt*ft 10 
AHiffiKtfilit. 4-fcE 2 0 ?EiS©iS^]MS. 

[01 00) 24. mSR?(D^^< it 1-3**. S 

* * S_hSB2 0 £tt®j8SWM& 

[0101)25. fiirsFBAR^. -^n-en. ^Ss 
jMKtt&R*.. psaayijjfj^Jc^snsfrffiFBAR 

ft4I5i3F BAR* 1 , BJiaSWUR^K** tiZm 

§2F b a Rnmsmmmut & . n c^ssgifi 
S ±82 2 4 BttDjgsoita. 20 

[0 1 02 ) 28. M|/<*9*ttJttM (FBA 
R) ©4>ft<4&l-?#. flfe©FBARi^HM«i8»i 

g^roa. FBARoaasru-fcft-j-c. s&2© 

£Sffi 4 fiM v£-s fcsg 1 ©£3*flB*S?ttJE®B 4 . mr 

saff«ia©fflra2ai 1 ©aa&ffiKffiHSftfcjfr 1 ©as 

3S4 . ffJg23&2 ©£&© 1 -apfflEg 1 ©S 

«©i-oififcattwc. msbfbar©i-3jwb«s 

n. iW32ffi©F BAR4ftURIttn#A«E&ttSFB A* 

r® i ■o^iMtimssmi 1 . Dirffiffi© f b a r*?& 30 

)3tt*inaa<l&©rcg42#tf S#3#&&5 F BARS 
S7W. 

[0 1 0 3) 27. ^Sa<fe©FBAR4#iS@iS8Bt# 
Sft SmTSe F B A R© 1 SMgSSffirtH . b*3E 

itosB&tnuws AWftsj^sz 6§b«S{©&S7 u 
4. 

[0 104) 28. BiraBFBARA*. M^flHBOift 

M£F B AROfflEStttf. BBIBIC&attftJBS&fl 

iW82a888**«I^SlW32FB AROUSE 40 
*». fiiBEiE5WR ; f%«Jia-3'SaifffiFBAR©IHa«ffi© 
B3SS#tftJ5i*4fctl«c*. «tapOG£*tt*JSS€: 
m §±82 2 6 3ESS©^7 U ^ . 
[01051 

c4**rfr*. Sfc. t7s 5 « -7^jVifXttSAW 
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22 

[13 1 1 ( a ) B. ffft''M'?3fl&*8 (F BAR) 
©BrffiB-ca <J . ( b ) «, F B A R ©3SffiEIB>&3*'f 
BRB-CftO. <e> F BAR© I 
Z I #Stijg«SS4©IH^«r^-r!^tt|2irife§. 

[0 2 ] an o£rara<iifegs{^«a*raBH 

[ H 3 ] ( a ) tt. * jSStt&SB&tf 

</V*©-Sfl4 LtfflO&C<t**Pl«8«cF B AR7IW 

^tst^es-c* 0 , ( b ) «. -mmc*. saaswa 

B A R 7 U 4 J&^-rBrifflS-C* S . 

tiaei-fe^m pcssax»ffi©2<^s/s 
t*b » far**. 
»(cst3-s^fi©t$ttiara s. 

Cff^©35i5S) 
5 2 E«lg 
5 4 

56 S«5 
5 8. 6 0 ttfi 
66. 68 4B* 
1 0 0 3*SW!&S 

10 1. 1 03. 1 05 iiyiJF BAR 

1 0 2 3amFBAR7U<< 
104 £©FBAR7H 
107. 109 #S8F BAR 
111. 113. 115 iS?iJFBAR 

12 1. 123. 1 2 5. 127 ftKFBAR 
124 

12 6 »W*-h 
128 7>^-#-H 
134 9 0' igfflffi 
145 -Siffifgifii 
200 

201. 203. 205 fiyjF BAR 
202 &<3FBAR7UW > 
204 5MIFBAR7W 
207. 209 #8&FBAR 

2 11. 2 13. 2 15 flSjajFBAR 

22 1. 223. 225. 227 flSSFBAR 

241. 243 mmwuyw* 

23 1. 223. 225. 227 attffl»<f>*** 
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